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SUMMARY 

Sixteen tests were performed to evaluate the adequacy of various HBU-X lap belt 
assemblies to provide adequate restraint during impact. The tests were per- 
formed using the AFAMRL Impulse Accelerator. The lap belt assemblies were used 
in combination with MB-6 shoulder harnesses to restrain the 95th percentile test 
dummies to a simulated aircraft crewseat during the impact tests. One test was 
performed at an acceleration level of 32.8 G, and 15 tests were accomplished at 
an acceleration level of 40 G. The mean peak acceleration of the 15 tests was 
40.2 G (standard deviation = 0.898) with an impact velocity of 105.7 ft/sec 
(standard deviation = 0.976). 

The primary objective of the tests was to determine the acceptability of two 
different types of webbing adjusters that could be used with a buckle developed 
by the Frost Engineering Development Corporation. The two types of adjusters 
tested were manufactured by East/West Industries Incorporated and H. Koch and 
Sons. 

A secondary objective of the tests was to study the influence of webbing 
material on belt slippage through the lap belt adjusters. Nylon, polyester, and 
latex-impregnated polyester webbing materials were used. 

Two types of lap belt buckles were used. Eleven tests were performed with the 
HBU-X buckle supplied by Frost Engineering Development Corporation. Five tests 
were conducted using the HBU-2B/A buckle since the supply of Frost buckles was 
limited. 

Ten impact tests were performed with the Koch adjusters. One test was performed 
at 32.8 G, and nine tests were accomplished at the 40 G level. Seven of the 40 
G tests were failures of the adjusters due to lap belt slippage. One test was 
considered to be an inadequate test of the lap belt and adjusters due to 
shoulder harness failure, and one test was an inadequate test of the adjusters 
due to failure of the automatic release mechanism of the belt buckle. 

Six impact tests were performed at the 40 G level using the East/West adjusters. 
Five of these tests were successful. One test was an inadequate test of the 
adjusters due to failure of the attaching link of the shoulder harness. 

The impact tests that were performed demonstrated that the East/West adjusters 
could successfully withstand the lap belt loads imposed during the 40 G impact 
tests. The East/West adjuster permitted no more than one-half inch slippage of 
webbing when used with nylon, polyester, or latex-impregnated polyester webbing. 

The failures of the attachment links of the MB-6 shoulder harness reflect a 
basic inadequacy in the design of the link. Redesign of the link is 
recommended. 
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Failures of the automatic disconnect mechanism of the Frost lap belt buckle were 
caused by loads of a magnitude and direction that were not anticipated by the 
HBU-X lap belt development specification. The development specification pre- 
sumed that the lap belt would always be used with a negative-G strap as well as 
a shoulder harness. This presumption is not true and leads to unrealistic 
design-load assumptions. 



SECTION 1 

INTRODUCTION 

A. BACKGROUND 

An impact test program conducted to evaluate prototypes of the HBU-X automatic 
opening lap belt developed by three competing companies indicated that none of 
the preproduction prototypes were satisfactory (Brinkley and Schimmel, 1982). 
Each prototype failed to meet the acceptance criteria of the 40 G level impact 
tests that were accomplished. 

Each of the HBU-X prototypes failed for different reasons. One prototype, 
developed by the Stencel Aero Engineering Corporation, apparently failed because 
a sharp radius on the belt buckle contributed to the failure of the belt webbing 
material. A second prototype, developed by the Frost Engineering Development 
Corporation, failed because the webbing adjusters permitted the belt to slip 
through them during the impact exposure. A third prototype, developed by H. 
Koch and Sons, failed due to defects within the materials used in the 
construction of the lap belt buckle. 

The Air Force Aerospace Medical Research Laboratory (AFAMRL) recommended further 
impact tests. A successful lap belt assembly was considered to be possible if 
the adjuster slippage problem of the Frost prototype could be overcome by using 
other webbing adjusters. After consideration of the AFAMRL recornnendation and 
the success of the Frost prototype in other aspects of the overall HBU-X lap 
belt evaluation test program, the Life Suppport System Program Office, the spon- 
sor of the HBU-X lap belt development program, requested that additional impact 
tests of the Frost buckle be accomplished using adjusters supplied by East/West 
Industries, Incorporated, and H. Koch & Sons. This report documents the 
resulting impact test program and its results. 

B. OBJECTIVES 

The primary objective of the test program was to evaluate the adequacy of 
HBU-X lap belt prototypes with alternative belt adjusters under 40 G impact 
conditions. The secondary objective of the test program was to evaluate the 
influence of webbing materials on lap belt structural adequacy and adjuster 
performance. 

C. EVALUATION CRITERIA 

The adequacy of the lap belt prototypes was evaluated on the basis of the 
following criteria: 

The lap belt and its components shall withstand without failure the 
loadt'developed during a 40 G impact with a 95th percentile size anthropomorphic 
dumny. 
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b. Webbing slippage through any lap belt adjuster shall not exceed more 
than one-half inch. 

C. The lap belt buckle shall be manually releasable after the impact test. 



SECTION 2 

TEST METHODS 

A. FACIL IT1 ES AND PROCEDURES 

The impact tests were performed using a horizontal impact facility, the 
AFAMRL Impulse Accelerator (Shaffer, 1976). The facility consists of a gas- 
operated actuator, a test sled, and track rails as shown in Figure 1. The 
planned acceleration level to be produced by the facility actuator was 40 G 
with an impact velocity of 106 ft/sec. 

The restraint systems were mounted on a generic seat that was designed 
incorporating seat geometry in accordance with MIL-S-9479B. The seat back angle 
was 13 degrees aft of vertical, and the seat pan was inclined 6 degrees above 
the horizontal. The seat and test sled are shown in Figure 2. 

The anthropomorphic dummy that was used in the tests was a Type C-95 manufac- 
tured by Alderson Research Laboratories, Inc. The dummy weighed 210 lb and was 
designed to approximate 95th percentile adult male USAF flying personnel weight, 
stature, and sitting height (NASA Ref. Pub. 1024, 1978). Prior to each test the 
durrmy's joints were adjusted to a nominal one-G value in accordance with Federal 
Motor Vehicle Standard No. 208 (U.S. Department of Transportation, 1972). 

The test dumny was seated in the generic seat and restrained by two shoulder 
str;lps and a lap belt. New harnesses were used for each test. In two tests a 
negative-G strap was used to anchor the lap belt to the seat structure. Prior 
to each test the lap belt and shoulder harness were preloaded to a force of 10 
+2 lb measured at the shoulder harness and lap belt attachment points. After 
all adjustments to the restraint system were completed, each belt and shoulder 
harness strap was marked at the adjuster to allow measurement of belt slippage. 

The first test was accomplished at a level of 32.8 G. Subsequent tests were 
accompli shed at the 40 G 1 eve1 . The temperature of the laboratory area was 
maintained at 70 25 degrees F. throughout the test program. 

Measurements taken during the impact tests included impact sled acceleration and 
velocity, loads measured at the attachment points of the restraint harness, and 
displacement of targets mounted on the test dummy. The restraint harness was 
inspected for damage and belt slippage measurements were made imnediately after 
each test. A functional test was also performed by the test conductor after 
each test to evaluate the operability of the lap belt buckle. Photographs were 
taken of all failed equipment after each test. 

B. TEST ART1 CLES 

The HBU-X lap belt used in this test program is an automatic opening, adjustable 
safety belt for aircraft ejection seats. The automatic opening feature of the 
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Test 2081 - A test of a lap belt assembly including nylon webbing, a Frost 
buckle, and Koch adjusters. The maximum sled acceleration ws 40.6 G, the maxi- 
mum sled velocity was 106 ft/sec, and the duration of the acceleration pulse was 
126 milliseconds. The measured lap belt slip through the adjusters was 14 $ 
inches on the left side and 3 % inches on the right side. The shoulder harness 
webbing slipped through the adjusters 5/8 inch on the left side and less than $ 
inch on the right side. The shoulder harness attaching link failed at its point 
of attachment to the shoulder harness load cell clevis. The shoulder harness 
load measured at the instant of failure was 4395 lb. The lap belt failed at its 
point of attachment to the lap belt buckle after the shoulder harness failed. 

Test 2082 - A test of a lap belt assembly including a Frost buckle, nylon 
webbing, and East/West adjusters. The maximum sled acceleration was 38.9 G, the 
maximum sled velocity was 105 ft/sec, and the duration of the acceleration pulse 
was 128 milliseconds. The measured lap belt slip through the adjusters was less 
than % inch. The measured slip of the webbing through the shoulder harness 
adjusters was less than 4 inch. The manual release of the buckle functioned 
satisfactorily after the acceleration test. 

Test 2083 - A test of a lap belt assembly including nylon webbing, a Frost 
buckle, and Koch adjusters. The maximum sled acceleration was 42.9 G, the rnaxi- 
mum sled velocity was 108 ft/sec, and the duration of the acceleration pulse was 
126 milliseconds. The measured lap belt slip through the adjusters was less 
than L2 inch. The buckle automatic disconnect mechanism failed. This mechanism 
includes a release plug that retains the link tongue of the buckle to the auto- 
matic disconnect body. The plug was pulled over the lip of its socket in the 
disconnect body. The loads that were measured at the right and left lap belt 
attachments were 3321 lb and 3740 lb, respectively. The higher-than-planned 
acceleration measured during this test was attributed to the release of mass of 
the test dunmy from the total accelerated mass of the sled resulting from the 
restraint system failure. 

Test 2084 - A test of a lap belt assembly including nylon webbing, a Frost 
buckle, and Koch adjusters. The maximum sled acceleration was 39.5 G, the maxi- 
mum sled velocity was 105 ft/sec, and the duration of the acceleration pulse was 
126 milliseconds. The lap belt slipped through the adjusters 1 $ inches on the 
left side and less than & inch on the right side. The measured webbing slip 
through the shoulder harness adjusters was less than si inch. The manual release 
of the buckle functioned satisfactorily after the acceleration test. 

Test 2087 - A test of a lap belt assembly including latex-impregnated polyester 
webbing, an HBU-2B/A buckle, and East/West adjusters. The maximum sled 
acceleration was 40.4 G, the maximum sled velocity was 105 ft/sec, and the dura- 
tion of the acceleration pulse was 126 milliseconds. The measured lap belt slip 
through the adjusters was less than & inch. The measured slip of webbing 
through the shoulder harness adjusters was less than c2 inch. 

Test 2088 - A test of a lap belt assembly including latex-impregnated polyester 
webbing, an HBU-2B/A buckle, and Koch adjusters. The maximum sled acceleration 
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was 40.6 G, the maximum sled velocity was 106 ft/sec, and the duration of the 
acceleration pulse was 127 milliseconds. Both sides of the lap belt slipped 
completely through the adjusters. The measured slip of webbing through the 
shoulder harness adjusters was less than L, inch. 

B. SWIMARY OF DATA 

The results of the tests accomplished during this program are summarized in 
tables I and II. The detailed data from the sixteen tests accomplished during 
this program are provided in Appendix B. 
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SECTION 4 

DISCUSSION 

A. ADJUSTER TEST RESULTS 

Six tests were accomplished using the East/West adjusters in combination with 
nylon, polyester, or latex-impregnated polyester webbing, and the Frost or 
HBU-2B/A buckles. Five of these tests--2025, 2027, 2029, 2082, and 2087--were 
judged to be successful since the restraint systems did not structurally fail 
and the adjusters limited the lap belt slippage to S inch or less. Test 2080 
was not considered to be an adequate test of the lap belt assembly because the 
shoulder harness failed. There was no evidence to conclude that the East/West 
adjusters were at fault in this test since the lap belt slippage was within the 
$-inch allowable slippage. Slippage of the shoulder harness adjusters may have 
contributed to the failure of the shoulder harness attaching link, but the 
shoulder harness load-time history does not support this contention. 

Ten tests were accomplished using the Koch adjusters in combination with nylon, 
polyester, or latex-impregnated polyester webbing, and the Frost or HBU-2B/A 
buckles. Test 2021 was judged to be an inadequate test of the lap belt and 
adjusters since the acceleration was limited to 32 G. Tests 2022, 2026, 2028, 
2030, 2031, 2084, and 2088 were judged to be failures of the Koch adjusters due 
to lap belt slippage. The belt slippage measured in these seven tests ranged 
from 1 t2 to 14 % inches. In Test 2088 the lap belt slipped completely through 
both adjusters. Test 2081 was considered to be an inadequate test of the lap 
belt adjusters since the shoulder harness failed. Test 2083 was judged to be an 
inadequate test of the lap belt adjusters since the lap belt buckle automatic 
release mechanism failed very early in the acceleration pulse. 

B. SHOULDER HARNESS ATTACHMENT LINK FAILURES 

The shoulder harness failures during tests 2080 and 2081 consisted of tear-out 
of the material surrounding the 7/64-inch diameter attachment hole of the 
attaching link (USAF Drawing No. 6384009) of the MB-6 shoulder harness. This 
type of failure is shown in Figure 7. The peak shoulder harness load measured 
during Test 2080 was 4395 lb and 4530 lb during Test 2081. Tensile tests con- 
ducted subsequently with other samples of the attaching link failed at 5180 and 
5300 lb. Rockwell hardness tests of the failed attaching links indicated that 
they exceeded the minimum hardness specified by USAF Drawing No. 63B4009. Other 
factors that may have contributed to the failure of the attaching links include 
slippage of the lap belt and shoulder harness adjusters. Lap belt slippage was 
within acceptable limits on Test 2080, but the shoulder straps slipped 1 7/8 
inch on the left side and 1 k on the right side. In Test 2081 slippage of the 
shoulder straps was 5/8 inch on the left side and 4 inch on the right side, and 
the lap belt slippage was 14 4 inches on the left side and 3 4 inches on the 
right side. However, it was not possible to determine how much of the lap belt 
slippage occurred before the attaching link failure. 

17 



C. AUTOMATIC DISCONNECT FAILURES 

The failures of the automatic disconnect mechanism of the Frost buckle seen 
in tests 2080 and 2083 have been evaluated by the Frost Engineering Development 
Corporation for the Life Support Systems Program Office under Contract 
F33657-81-C-0104 (Frost, 1983). The Frost evaluation report points out that the 
loads encountered during the 40 G impact tests were close to the originally 
specified 4500-lb ultimate strength of the buckle hardware (Specification 
412A-07878-55016). The report also emphasizes that the absence of a negative-G 
strap creates a much more severe combined-loading condition than was required by 
the original development specification. The loading conditions of the 
development specification were predicated on a negative-G strap and shoulder 
harness always being installed and thus counterbalancing each other across the 
link tongue of the buckle. The Frost report contends that when there is no 
negative-G strap to counterbalance the shoulder-harness load, the shoulder har- 
ness and lap belt loads cause the manual release and the automatic disconnect 
assemblies of the buckle to pivot downward at their respective ends and the 
shoulder harness twists the link tongue upward relative to these assemblies. 
The net effect is to add significant side-load components to the original loads 
that governed the design of the manual release and the release plug of the auto- 
matic disconnect. Thus, the Frost report concludes, these loads caused the 
release plug in the automatic disconnect assembly to be pulled over the lip of 
its socket. 

D. STATIC VERSUS DYNAMIC LOADS 

The HBU-X lap belt development specification static load conditions were 
apparently based on the presumption that the maximum loads that will be applied 
to the belt buckle during the 40 G impact test are opposing forces of 2880 lb 
from each side of the lap belt and opposing forces of 3600 lb from the shoulder 
straps and negative-G strap. Review of the data collected during the test 
program described within this report shows that the measured dynamic loads are 
considerably greater than the static loads described by the specification. The 
maximum loads measured at the seat attachment points of the shoulder harness, 
lap belts, and negative-G strap are summarized in Table II. The highest 
shoulder strap load measured was 4642 lb in test 2029, a successful test. The 
highest lap belt load measured in any test was 6095 lb in Test 2080 at the 
instant of lap belt failure (This failure was secondary to shoulder harness 
failure.). The maximum lap belt load measured in a test without structural 
failure was 4847 lb (Test 2025). 
strap was 267 lb (Test 2022). 

The maximum load measured in the negative-G 

The proportion of load carried by the negative-G strap in these tests is much 
lower than would be expected on the basis of data collected during tests of this 
restraint configuration conducted with human subjects (Hearon et al., 1983). On 
the basis of the human test data, the investigators would expel ne negative-G 
strap load to be approximately five times higher than the maximum value measured 
during this test program. 
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E. NYLON WEBBING TEST RESULTS 

Five tests were conducted using lap belt assemblies fitted with nylon webbing. 
One of the five tests, Test 2082, was judged to be successful. The successful 
test was accomplished using East/West adjusters and the Frost buckle. Three of 
the tests were not considered to be valid tests of the adjusters in combination 
with nylon webbing since either the shoulder harness attachment link or the lap 
belt buckle automatic disconnect mechanism failed. One test with the Koch 
adjusters in combination with nylon webbing was considered to be a valid test, 
but the adjuster mounted on the left side of the lap belt allowed the webbing to 
slip 1 L2 inches. 

The tests where nylon webbing was used were insufficient in number to draw 
general conclusions regarding the influence of the nylon webbing on adjuster 
slippage tendency or restraint-harness load levels. However, the load levels 
would not be expected to be significantly different since the stress-strain 
characteristics of type III polyester webbing and type XIII nylon webbing are 
similar (Phillips et al., 1982). 
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SECTION 5 

CONCLUSIONS AND RECO!+lENDATIONS 

The impact tests that were performed demonstrated that the adjusters manufac- 
tured by East/West Industries, Incorporated (Part No. 184ClOO-1) could sucess- 
fully withstand the lap belt loads imposed during a 40 G impact test with a 95th 
percentile anthropomorphic dumny. 

The East/West adjuster permitted no more than the one-half inch slippage of 
webbing under 40 G loads regardless of the type of webbing material used in the 
HBU-X lap belt configuration. 

The 40 G impact tests of the adjuster manufactured by H. Koch and Sons (P/N 
015-12231-3) demonstrated that the adjuster allows slippage of the HBU-X lap 
belt webbing beyond acceptable limits. 

The Koch adjuster performance did not appear to be influenced by the type of 
webbing material that was used in the HBU-X lap belt configuration. 

The shoulder harness attachment link (USAF Drawing No. 6384009) of the MB-6 
shoulder is inadequate to withstand 40 G impact tests with a 95th percentile 
dunmy. Engineering analysis and redesign of the attachment link are recommended 
on the basis of the harness load data within this report. 

A failure mode of the HBU-X lap belt buckle automatic disconnect mechanism was 
discovered which appears to be related to the unanticipated direction and magni- 
tude of the loads applied to the buckle during the impact tests. The buckle was 
designed in accordance with a developmental specification that presumed a 
negative-G strap would always be used with the buckle. The negative-G strap 
would counterbalance the shoulder harness loads. Since the HBU-X lap belt may 
be used operationally without the negative-G strap, the presumption is incorrect 
and leads to unrealistic design-load assumptions. (Note: Redesign of the auto- 
matic release mechanism of the buckle has been accomplished.) 

The directions and magnitudes of static loads applied to the HBU-X buckle as 
specified in the developmental specification are not representative of the 
directions and magnitude of loads applied to the buckle during 40 G impact 
tests. 

The load carried by the negative-G strap during the 40 G impact tests with dummy 
subjects is considerably lower than would be predicted from 10 G tests of the 
same harness configuration with human subjects. 

The design and test load conditions of the lap belt specification should be 
revised to reflect the findings of this experimental test program and previous 
impact tests conducted with human subjects. 

Insufficient numbers of tests were conducted to evaluate the influence of nylon 
or polyester webbing material or webbing treatment on lap belt loads. 
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APPENDIX A 

DATA ACQUISIT1ON SYSTEM 

A. INSTRUMENTATION 

Data collected during the HBU-X lap belt test program consisted of impact sled 
acceleration, velocity and restraint harness loads. Sled acceleration was 
measured using three miniature piezoresistive accelerometers mounted to the sled 
structure. Loads in the restraint systems were measured by load cells mounted 
to the restraint harness attachment fittings. The measurement transducers used 
in the test program are listed in Table A-l, which designates the manufacturer, 
type, serial number, sensitivity and other specifications of each transducer 
utilized. Table A-2 provides specifications for test event data, channel bias 
voltage, and transducer excitation voltage. The instrumentation coordinate 
system and the locations of the load cells in the x, y, and z axes are shown in 
Figure A-l. 

The three accelerometers were positioned to measure the acceleration of the 
sled in the x, y, and z axis. The package consisted of two Endevco Model 2264 
and one Endevco Model 2262 accelerometers mounted to a 3/4 x 1 x 1 inch aluminum 
block which was mounted to the undersurface of the sled. 

Pre-program and post-program calibrations were made to check the accuracy of the 
data-measuring transducers. The calibration of the accelerometers was performed 
by tile Dynalectron Corporation using the reciprocity method (Ensor, 1970). A 
laboratory standard accelerometer, calibrated on a yearly basis by Endevco with 
standards traceable to the National Bureau of Standards, and a test acceler- 
ometer were mounted on a shake table. The frequency response and phase shift of 
the test accelerometer were determined by driving the shake table with a random 
noise generator and analyzing the outputs of the accelerometers with a PDP 11/15 
minicomputer and 1923 Time Data Unit using Fourier analysis. The natural fre- 
quency and damping factor of the test accelerometers were determined, recorded, 
and compared to previous calibration data for that test accelerometer. Calibra- 
tions were made at a frequency of 100 Hz and acceleration of 40 G. The sen- 
sitivity of the test accelerometer was determined by comparing its output to the 
output of the laboratory standard accelerometer. 

The negative-G strap was attached to a Strainsert load cell. The calibration of 
the Strainsert load cell was performed by the Precision Measurement Equipment 
Laboratory (PMEL), Wright-Patterson Air Force Base. PMEL calibrated this load 
cell on a periodic basis and provided current sensitivity and linearity data. 

Three triaxial GM load cells were used to measure the shoulder strap load and 
the right and left lap belt loads. These load cells were calibrated to a 
laboratory standard load cell in a special test fixture by the Dynalectron 
Corporation. The sensitivity and linearity of each load cell were obtained by 
comparing the output of the test load cell to the output of the laboratory 
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LoAn CELL 2 PROVIDES A POSITIVE (+I amPuT 
VOLT&X WEN THE N-G STRAP IS PULLEO IN TME 

+z DIRECTIMI. 

TRIAXIK LMD CELL S PROVIDES A PUStftVE 
(+) OUVUT VOLTAQ FQ 1, Y AU0 2 WEN nH 

HARNESS IS PULLED tW THE +X, -Y AND -Z 

DIRECTto((J RESPECTIVELY. 

TRtAXtK LOA0 CELLS 3, 4 PROVIDE A W)5lfIVE 

(4) OUTPUT VOlTA6E WER THE HAWSS IS PlJLLEo 
TCUARDS THE CUTER REFEREME. 

t ROTATIffi fN X2 PImANE 

Figure A-l. Test Seat and Coordinate System. 
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standard under identical loading conditions. The laboratory standard load cell, 
in turn, is calibrated by PMEL on a periodic basis. 

A Globe Industries tachometer, mounted in a special fixture, was used 
to measure sled velocity. The fixture consisted of an aluminum wheel, with a 
rubber 0 ring around its circumference to assure good rail contact, that was 
attached to the rotor of the tachometer. The tachometer was calibrated by 
rotating the wheel at various revolutions per minute (RPM) and recording both 
the output voltage and the RPM. The sensitivity was dynamically checked out 
with a VS300 velocity measuring system manufactured by GHI Systems, Ranch0 Palos 
Verdes, California. The VS300 system consists of a timing unit and an optical 
sensor mounted near the track rails. As the sled travels along the track rails, 
a metal blade on the sled interrupts the optical sensor beam. 
displays a time which may be correlated to a velocity. 

The timing unit 

B. AUTOMATIC DATA ACQUISITION AND CONTROL SYSTEM (ADACS) 

The Automatic Data Acquisition and Control System (ADACS) is composed of 48 
separate data channels and was designed by the Physical Science Laboratory of 
the University of New Mexico. The ADACS provides excitation, amplifier gains 
and filtering in addition to digitizing the analog signal from the transducers. 
This system, which is rigidly mounted to the sled, can transfer the digitized 
electronic data via a seven-wire whip cable to the digital computer interface. 

The sled-mounted portion of the ADACS consists of three major components: the 
power conditioner, the signal conditioner, and the encoder. The configuration 
is outlined in Figure A-2. The power conditioner receives 28 VDC via the whip 
cable and provides six regulated voltages. The signal conditioner contains 48 
modules capable of processing transducer data. 
filter section. 

Each module has an amplifier and 
Each amplifier can be programed for one of seven gains by use 

of external gain plugs. Each filter can be programed for one of four filter 
frequencies by use of external filter plugs. 

Each module provides +5 and +lO VDC for transducer excitation and +2.5 VDC for 
output signal offset, if necessary. Bridge completion and balance resistors can 
be added to the module input connector, if necessary. The 48 module output 
signals are digitized via the pulse code modulation (PCM) encoder into 48 
eleven-digit words. Two additional ll-bit synchronization (sync) words are 
added to the data frame. 
1000 samples per second. 

This 50-word data frame is then sampled at a rate of 
Three synchronization pulse trains (bit sync, word 

sync, and frame sync) are added to the word frame and sent to the computer via 
the junction box and whip cable. 

The PDP 11/34 minicomputer receives serial data from the ADACS. The serial data 
coming from the sled are converted to parallel data in the data formatter. The 
data formatter deposits data by direct memory access (DMA) into the computer 
memory via the buffered data channel where data are stored on disk temporarily 
to be later transferred to magnetic tape for permanent storage. The inter- 
relationships among the data acquisition and storage equipment are shown in 
Figure A-3. 
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Test data were reviewed immediately after each test by using the "Quick-Look" 
CHAN routine. CHAN may be used to produce a plot of the data stored on any 
channel as a function of time or to calculate velocity by integrating sled 
acceleration. The routine determines the minimum and maximum values of any data 
plot. 

A 100 Hz timing reference was an integral part of the data acquisition system. 
This 100 Hz signal was initiated at T-O by the countdown clock. Thirty 
milliseconds after T-O, a second signal mark was generated and provided a 
temporal reference for electronic and photogramnetric data. 

C. PHOTOGRAFMETRIC DATA ACQUISITION AND REDUCTION SYSTEM 

Photogramnetric data were acquired through the use of high-speed 16~1 cameras 
operating at a rate of 500 frames per second. The cameras were Photosonic Model 
No. 16Wi-1B pin-registered units which were capable of withstanding 100 G. Two 
cameras were mounted on the test sled, and one camera was mounted off the sled. 
During a test, the cameras were started and stopped automatically by the Camera 
and Lighting Control Station, which is a part of the impact facility safety and 
control system. The cameras were started at a preset time in the test sequence 
and ran for four seconds per test. 

An automatic film reader (AFR), developed by Photo Digitizing Systems, Inc., was 
used to digitize and record photographic data on magnetic tape. The subsystem 
consists of: 

Film motion analyzer with 16mn projection head 
Electronic scanning camera 
Control unit 
Alphanumeric cathode ray tube (CRT) 
Line printer 
Magnetic tape transport 

The film reader recognizes quadrant or circular fiducial targets. It automati- 
cally tracks and extracts data for up to ten targets per film frame at a minimum 
rate of one-half film frame per second. The X-Y coordinate position of each 
target on each film frame is input to the computer and recorded on magnetic 
tape. 

A NOVA 3/12 computer, which contains 16K 16-bit words of core memory, a CRT ter- 
minal, and a magnetic tape transport with suitable interface, controls the AFR. 
In addition, a parallel data link is provided between the NOVA 3/12 and the PDP 
11/34 computers. 

An alphanumeric CRT (DGC 6052) automatically displays the AFR control infor- 
mation. The CRT display and its keyboard function are used as separate devices. 
The keyboard is a transmit-only device, and the display is a receive-only device 
with the additional capability of transmitting cursor position information on 
program request. 
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A line printer, LA36 Decwriter II, provides hard copies of the information pre- 
sented on the 6052 CRT. The LA36 is a medium-sized interaction terminal with a 
lm-speed impact printer and a standard ASCII keyboard consisting of alpha- 
numeric characters and non-printing system control codes. 

Either the Decwriter or the 6052 CRT output may be assigned to the PDP 11/34A. 
Programs can also be established which can "down load" from the disc on the PDP 
11/34A to the NOVA, or digital film data can be loaded on the PDP 11/34A for 
processing and disc storage. 

D. VIDEO 

An Instar (Instant Analytical Replay) video camera system was used to document 
each impact event. The videotape was available for review by the test conductor 
irnnediately after the impact event. 

The Instar is a compact, portable, fully transistorized instrument that combines 
the long recording capacity and instant replay features of video tape. Each 
system records 120 frames/second with an effective shutter speed of lOus or less 
and will play back all recordings in real time, stop action, reverse slow 
motion, and variable slow motion (2 - 15 percent of real time). Each of the 
frames is sequential and non-interlaced. 

The Instar system that was used incorporated two cameras and a special-effects 
generator for the added flexibility of split screen. The simultaneous display 
of two events offers the precise evaluation of three-dimensional problems or the 
referencing of one physical event to an instrument (i.e., digital clock or 
oscilloscope). 

E. TIMING REFERENCE - PHOTOGRAFkIETRIC 

The high-speed cameras utilized a light-emitting diode driver, LM Dearing Model 
2/3/3R, to place a mark on the film, thereby establishing a time reference. 
This mark (a red bar) was generated once every ten milliseconds for a duration 
of 0.75 milliseconds and was initiated at T-O by the countdown clock. These 
photo-timing pulses were generated at the same time as the eletronic timing 
pulses, thus providing temporal correlation between the two signals. A special- 
event flash was used to mark the film frame at the start of the impact event. 
This flash consisted of an electronic photo flash which was actuated by the 
electronic event signal. 
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APPENDIX B 

DATA SUMMARIES AND GRAPHS 

This appendix contains the data collected from each test accomplished in this 
test series. These data are summarized in a table of maximum and minimum values 
with corresponding times of maximum and minimum values and in graphs of sled 
accelerations, sled velocity, and loads measured at the restraint tie-down 
points. 

The data printed out in tabular form are identified by an abbreviated title. 
The data are listed in four columns titled max (the maximum value), min (the 
minimum value), 11 (the time the maximum va=d occurred), and T2 (t&-time the 
minimum value oc%red). A fifth column identifies the data chznel number. 
The values of time are specified in milliseconds. An event mark is used to 
synchronize the electronic and photometric data. The event time is the first 
data value specified on each table. To correlate a time value form one test to 
another, the reader must calculate the values of Tl and T2 with respect to the 
common time event mark. For example, if the event mark time is 160 milliseconds 
and the max value of the resultant shoulder harness load occurs at 300 milli- 
seconds, subtraction of the event mark time from the time of the max resultant 
shoulder harness load yields the correlated time value, 140 milliseconds. 

The data titles are defined as follows: 

TIME OF EVENT 

2.5V EXT PWR 

1OV EXT PWR 

SHD PLD PRIOR EVENT 

LF LAP PLD PRIOR EVENT 

RT LAP PLD PRIOR EVENT 

SLED X ACCEL 

SLED X ACCEL (SM) 

SLED Y ACCEL 

SLED Z ACCEL 

N-G STRAP 

= Time of event correlation mark 

= Monitor of 2.5 volt power 

= Monitor of 10 volt power 

= Shoulder harness preload prior to impact 

= Left lap belt preload prior to impact 

= Right lap belt preload prior to impact 

= Sled acceleration in the X axis 

= Sled X acceleration smoothed using a point- 
moving average method 

= Sled acceleration in the Y axis 

= Sled acceleration in the Z axis 

= The load acting at the crotch strap tie-down 
point 
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SLED VEL (INT ACCEL) 

SLED VELOCITY 

VEL AT EVENT 

SHOULDER LOAD X 

SHOULDER LOAD Y 

SHOULDER LOAD Z 

SHOULDER RESULTANT 

SHOULDER RES/WT 

LF LAP LOAD X 

LF LAP LOAD Y 

LF LAP LOAD Z 

LF LAP RESULTANT 

RT LAP LOAD X 

RT LAP LOAD Y 

RT LAP LOAD Z 

RT LAP RESULTANT 

= Sled velocity computed by intergration of sled 
acceleration 

= Sled velocity computed from the tachometer 

= The velocity at event 

= The X axis component of the load acting at the 
shoulder harness tie-down point 

= The Y axis component of the load acting at the 
shoulder harness tie-down point 

= The Z axis component of the load acting at the 
shoulder harness tie-down point 

= The resultant of the continuously summed shoulder 
harness load components 

= The maximum resultant shoulder harness load 
divided by the total weight of the subject 

= The X axis component of the load acting at the 
left lap belt tie-down point 

= The Y axis component of the load acting at the 
left lap belt tie-down point 

= The Z axis component of the load acting at the 
left lap belt tie-down point 

= The resultant of the continuously summed left lap 
belt load components 

= The X axis component of the load acting at the 
right lap belt tie-down point 

= The Y axis component of the load acting at the 
right lap belt tie-down point 

= The Z axis component of the load acting at the 
right lap belt tie-down point 

= The resultant of the continuously summed right 
lap belt load components 
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HBUX LRP BELT STUDY TEST: 2021 SUBJ: 95% 

DRTR ID MAX 
-_--___ --- 

TIME OF EVENT 

2.5V EXT PWR 
1OV EXT PUR 

2.51 
10.01 

SHO PLO PRIOR EVENT 21.91 
LF LRP PLO PRIOR EVENT 34.62 
AT LAP PLO PRIOR EVENT 32.01 

SLED X RCCEL 
SLED X RCCEL (Stil 
SLED Y RCCEL 
SLED Z RCCEL 

SLED VEL (INT 
SLED VELOCITY 
VEL AT EVENT 
SHOULDER LOAD 

RCCELI 

SHOULDER LORD 

X 

Y 

0.03 
0.22 

38’45.52 

137.69 

SHOULDER LORD 2 
SHOULDER RESULTANT 

LF LRP LCIRD X 
LF LAP LORD Y 
LF LAP LORD Z 
LF LRP RESULTRNT 
RT LRP LORD X 

RT LAP LORD Y 13ou.7rl -7. OS 
RT LRP LORD Z 211OB.11 -0.17 
RT LRP RESULTRNT 3570.57 3.11 

B73.Ul 
3940.116 

NT: 204.0 NOM G: 32.0 CELL: X 

HIN 
--- 

-32.61 

--“I* 2: 
-2: 13 

-95.11 

:gtf* 5; 
-36: 07 

-U3.33 

-xi . 

-% ii 
I:76 
5.22 

-25. ou 

Tl 
-- 

175.00 

Em ii . 

2% 
70: 00 

UB6.00 

2uo.00 
195.00 

319.00 

339.00 

321.00 
319.00 

T2 CH 
-- -- 

37 

lU3.00 
5E.00 fd 

U93.00 

1 

s 

29 

23 

22 

21 

E 
17 

18 
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HBUX LFIP BELT STUDY TEST nor a321 SUBJ ID: 95% 

10.8 1 SLED X (‘ii) 

8.8 

-18.8 - 

-20.8 I 

-38.8 

-40.9 

-50.8 I- ---l---- , 1 1 

18.8 . SLED Y (G) 10.0 - SLED Z (C) 

5.8 5.8 - 

0.0 

-5.8 - -5.8 - 

-10.8 -r--mm -10.6 ‘ ----v--l 
178 328 478 626 778 178 328 478 628 770 

TIRE IN RILLISECONDS 

HBUX LF)P BELT STUDY TEST NOI 2821 SUBJ ID: 95% 

2e.0 - SLED IN1 UEL (F/S) 

0.8 - _ _ - 

-28.8 - 

-48.8 - 

-60.8 - 

-88.8 - 

-10B.B f-- -- i - - 1 --1 

2e.0 SLED VELOCITY (F/S) 

8.0 

-28.8 - 

-40.8 - 

-60.0 -I 

-88.8 - 

-1ee.e i I -- 1 1 
178 328 478 629 778 

TIRE IN ?lILLISECONDS 
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HBUX LCIP BELT STUDY TEST NO: 2021 SUBJ ID: 95% 

LF LAP X (LB) 5000.8 LF LAP Z (LB) 

4000.0 

3000.0 

5000.0 

4000.0 

3000.0 

2000.0 

LF LAP Y (LB) 

170 320 4?0 620 770 170 320 470 620 770 

5000.0 LF LCIP RES (LB 1 

4000.0 

3000.0 1 A 

2000.0 1 14 

TIRE IN f'!ILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2021 SUBJ ID:'95% 

5000.0 RT LAP X (LB) 

4000.0 

3000.0 

5000.0 RT LAP 2 (LB) 

4000.0 

3000.0 

5000.0 

4000.0 

3000.0 

20ee.e 

1006.0 

0.9 

I RT LAP Y (LB) 5800.9 

4009.0 

3000.8 

2eee.e 

1000.0 

0.8 

RT LAP RES (LB) 

L 
170 320 470 620 770 179 320 470 620 770 

TIRE IN HILLISECONDS 
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HBUX LAP BELT STUDY TEST NO: 2821 SUBJ ID: 95% 

5000.0 7 SHOULDER X (LB) SHOULDER 2 (LB 1 

4000.0 - * 

3000.0 - 

2000.0 - 

1000.0 

0.0 I 
r-7 

5000.0 - SHOULDER Y (LB) 5000.0 - SHOULDER RES (LB) 

4eoo.o - 4080.8 - 
I 

3800.0 - 3888.8 - 

2000.0 - 2000.0 - 

lee0.0 - 1eee.e - 

0.0 0.0 J I I I I 
, 1 1 

170 320 470 620 776 170 320 470 620 776 
TIllE IN RILLISECONDS 
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HBUX LRP BELT STUDY TEST: 2022 SUBJ: 95X UT: 204.0 NOM G: UO.0 CELL: X 

ORTR ID 
-_-___- 

MRX 
-__ 

HIN 
--- 

Tl 
-- 

T2 
-- 

TIME OF EVENT 207.00 

2.5V EXT PHR 2.51 2.us 358.00 33.00 
1OV EXT PWR 10.01 9.97 u59.00 227.00 

CH 
-- 

37 

uue7 

SHD PLO PRIOR EVENT 
LF LAP PLD PRIOR EVENT 
RT LRP PLO PRIDR EVENT 

SLED X RCCEL 
SLED X ACCEL tSH1 
SLED Y ACCEL 
SLEO Z RCCEL 

N-G STRRP 
SLED VEL [INT RCCELI 
SLED VELOCITY 
VEL RT EVENT 

SHOULDER LORD X uuzu. 22 -33. us 356.00 

SHOULDER LORD Y 150.20 -U3.36 367.00 
SHDULOER LOAD Z 1023.14 -13.33 380.00 
SHBULOER RESULTRNT u531.51 2.04 356.00 

LF LAP LURO X 
LF LAP LCJRO Y 
LF LAP LCIRD Z 
LF LRP RESULTANT 

RT LRP LCIRO X 
RT LAP LOAD Y 
RT LAP LORD Z 
RT LRP RESULTRNT 

266.58 

E . 

::E 2: 
2502: 52 
3777.35 

z:tt- ii 
3u1: 00 
SlS.OD 

-2.12 

r;g*;: 
-105:29 

-20.73 353.00 
-15.58 3sv.00 
-20.51 353.00 

1.32 353.00 

327. DO 

E* 2 
u75: 00 

u97.00 

3u3.00 

Z’f : % 

700.00 
706.00 
7113.00 
598.00 

707.00 
636.00 

EL:* i:: . 

1 

s 

30 

29 

23 

:: 

15 
16 
17 

f! 
20 
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10.6 7 SLED X (Cl 

-ie.e 1 
200 358 see 658 see 

16.9 - SLED Z (C) 

5.8 - 

-5.0 - 

-10.8 t I I -1 7 

ie0e.e N-G STRAP (LB) 

808.0 - 

608.6 - 

400.8 - 

200.0 - 

8.0 

-290.0 1 I I - -1 
269 358 588 658 see 

HBUX LAP BELT STUDY TEST NO: 2822 SUBJ ID: 95% 

TItlE fN fiILLISECONDS 

HBUX LAP BELT STUDY TEST NOa 2622 SUBJ 101 95% 

20.e 
1 

SLED INT UEL (F/S) 

0.0 -- -- --_--__- _ - -__- 

-28.0 - 

-40.8 - 

-66.0 - 

-80.0 - 

-190.0 I 

28.8 - SLED VELOCITY (F/S) 

8.8 -e-e_- --- ------_ _ _ _ 

-26.8 - 

-48.8 - 

-68.8 - 

-89.8 - 

-1ee.e -I 
298 358 568 658 888 

TIRE IN HILLJSECONDS 
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- --- _~ - ___-- 

HBUX LfiP BELT STUDY TEST NO8 2022 SUBJ ID: 95% 

5000.0 7 LF LAP X (LB) LF L/rP 2 (LB) 

4000.0 - 

3000.0 - 

2000.0 - 

1000.0 - 

0.0 r I I ---l-- - 1 

5000.0 - LF LAP Y (LB) 5000.9 - LF LCIP RES <LB) 

4000.0 - 4800.0 - 

3000.0 - 3000.9 - 

2000.0 - 2000.0 - 

1e00.0 - 1000.@ - 

0.0 1 I 1 t f 0.0 - , I I I 

290 350 590 650 800 200 350 see 650 a00 

TIflE IN IlILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2022 SUBJ ID: 95% 

5000.0 - RT LGP X (LB) 5000.0 - RT LAP Z (LB) 

4000.0 - 4000.0 - 

3090.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.0 I I 1 0.0 

5000.0 7 RT LCIP Y (LB) 5000.0 - RT Lf3P RES (LB) 

4090.0 - 4800.0 - 9 

3080.0 - 3008.8 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

9.0 I I I I 
0.0 1, 

I I 1 

200 350 560 650 a00 260 350 500 650 800 

TIRE IN CIILLISECONDS 
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5090.0 1 SHOULDER X (LB 1 

4808.0 4808.0 1 1 

3888.0 3888.0 J J 

2000.0 2000.0 - - 

1eee.e 1eee.e 

8.0 8.0 1 1 I I I I 

HBUX LAP BELT STUDY TEST NO: 2022 SUBJ ID8 95% s0ae.e 
I 

SHOULDER 2 I LB 1 

4868.8 

3080.8 

20%0.0 

5000.8 
1 

SHOULDER Y (LB ) 5090.0 1 SHOULDER RES (LB) 

4888.8 4888.8 - - 

3880.9 3880.9 - - 

2009.0 2009.0 - - 

1090.0 1090.0 - - 

8.8 8.8 L L J, J, 1 1 1 1 1 1 
em 358 see 658 890 200 358 508 650 880 

TIM IN RILLZSECONDS 
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HBIJX LRP BELT STUDY TEST: 2025 

DATA IO 
-e-e-_- 

TIHE OF EVENT 

2.5V EXT PWR 
1OV EXT PNR 

SHO PLD PRICIR EVENT 
LF LAP PLO PRIOR EVENT 
AT LAP PLD PRIOR EVENT 

SLED X RCCEL 
SLED X RCCEL (SNl 
SLEO Y RCCEL 
SLED Z RCCEL 

SLED VEL (INT RCCELI 
SLED VELOCITY 
VEL RT EVENT 
SHOULDER LORD X 

SHCIULDER LORD Y 

SHOULDER LOAD 2 
SIIDULDER RESULTRNT 

LF LRP LORD X 
LF LRP LORD Y 
LF LRP LORD Z 
LF LRP RESULTRNT 
RT LRP LORD X 

AT LAP LDRD Y 15UU.06 
RT LRP LORO 2 3229.57 
AT LRP RESULTRNT V8U6.56 

SUBJ: 95% 

MAX 
-em 

0.111 
0.19 

u339.52 

96.62 

1033. 
uu52. 5: 

WT: 20’4.0 NON G: UO.0 CELL: X 

t!IN 
--- 

-lou. 51 

I;;;- ;; 
-se: 70 

-1U.96 

-‘X . 

-10.71 
-7.98 

-‘? A! 
-19:28 

399.00 

lfx 
u51:oo 

299.00 

29 

23 

22 

21 

2: 
709 

‘. 

2; 

63U.00 
61U.00 
577.00 

40 



HBUX LfW BELT STUDY TEST No: 2e25 SUBJ ID: 95% 

10.0 

0.8 
-10.0 
-20.0 

-30.0 

-48.0 
-50.0 

10.0 SLED Y (G) 10.0- SLED Z CC) 

5.0 5.0 - 

0.0 0.0 -- - 

-5.0 - -5.0 - 

-1e.0 .r I I , i -10.0 7 1 I , 1 
178 329 478 620 770 170 329 470 629 778 

TIRE IN RILLISECONDS 

HBUX LCIP BELT STUDY TEST NO: 2025 SUBJ IDa 95% 

20.0 - SLED IN1 VEL (F/S) 

0.0 -- __ - - - - .__ -___ ___ 

-20.0 - 

-49.0 - 

-60.0 - 

-80.0 - 

-100.0 f -- - --7 

20.0 - SLED VELOCITY (F/S) 

--_--m---m --- --_- ------- _- _ 

-20.0 

-4e.e - 

-60.0 - 
-80.0 - 

176 326 470 620 770 
TIRE IN NILLISECONDS 
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5669.0 

4000.0 

3000.0 

2000.0 

1800.8 

0.0 

HBUX LAP BELT STUDY TEST NO: 2825 SUB3 ID: 95% 

LF LRP X (LB) 6900.0 -I LF LAP Z (LB) 

5880.0 - LF LAP Y (LB) 5800.0 - LF LAP RES (LB) 

4080.0 - 4000.0 - 

3000.0 - 3800.0 - 

2000.0 - 2000.0 - 

1eee.e - ieeO.O - 

0.0 0.0 

170 320 470 620 778 l?@ 320 470 62e 778 

TIME IN MILLISECONDS 

HBUX Lc)P BELT STUDY TEST NO: 2B2S SUBJ ID: 95% 

5000.0 Rt LAP X (LB) 

4000.0 

5080.0 RT LRP 2 (LB) 

4000.0 

5000.0 

4888.0 

3000.0 

ee00.e 

1800.0 

8.8 

I RT LAP Y (LB) 5000.0 

4080.0 

3000.0 

aeee .0 

ieOO.O 

0.8 : 
178 328 470 62e 770 170 328 478 628 770 

TIHE IN llILLISECONDS 
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HBUX LAP BELT STUDV TEST no: 2 as SUBJ ID: 96% 

5998.9 

4000.0 

3888.8 

2900.0 

1eee.e 

8.8 

SD@@.@ - SHOULDER 2 (LB) 

4088.8 - 

3008.e - 

2088.8 - 

ie00.0 - 

8.0 I I , I 8 

5%%0.9 SHOULDER Y (LB) 5888.8 - SHOULDER RES (LB 1 

4880.8 - 4008.8 - 

3008.8 3808.8 - 

2eee.e - 2eee.e - 

iee0.0 

1eee.e 

- 8.8 -t I 1 I f 9.8 1 (1 , 
I I 

liw 328 479 620 770 l-78 328 478 628 778 
TIRE IN MLLISECONDS 
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HBUX LRP BELT STUDY TEST: 2026 SUBJ: 95X 

DATR IO MAX 
SW----- v-w 

TItlE OF EVENT 

2.5V EXT PWR 
1OV EXT PWR 

SHO PLO PRIOR EVENT 
LF LRP PLD PRIBR EVENT 
RT LAP PLO PRIOR EVENT 

SLED X RCCEL 
SLED X ACCEL (St41 
SLED Y RCCEL 
3LEO Z ACCEL 

SLED VEL IINT 
SLED VELOCITY 
VEL AT EVENT 
3WOULOER LOAD 

RCCELI 

SHOULOER LCIRO 

X 

Y 

SHOULDER LORD I 1081.73 
SHOULDER RESULTRNT uusu. 76 

LF LRP LOAD X 
LF LRP LBAO Y 
LF LAP LOAO 2 
LF LAP RESULTRNT 
RT LRP LORO X 

RT LAP LORD Y 1270.18 -11.18 
RT LAP LORD 2 290s. uu -22. U3 
RT LAP RESULTANT U151.611 3.12 

135.62 

HT: 20U.0 NCIH G: UO.0 CELL: X 

IIIN Tl 
--- -- 

2.u9 
9.98 

-11.25 

-10.71 
1.37 

160.00 

i%* 0000 . 

60.00 

:i* % . 

U66.00 

SXE 
32U: 00 

:i:* Ei . 

321.00 

32U. 00 

322.00 
322.00 

T2 
-- 

37.00 
109.00 

f~~4 
100:00 

E? i: 
u29: 00 
u117.00 

U85.00 

6117.00 
571.00 

CH 
-- 

37 

t87 

I 

ii 

29 

23 

22 

21 
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HBIJX L&P BELT STUDY TEST NOI 2626 SUBJ IDI 95% 

le.8 

8.8 

-18.8 
-2e.e 

-38.8 

-48.8 

-58.0 

- SLED X (Cl 

- - -- r------I- 

le.8 SLED Y (Cl 10.6 - SLED 2 (C) 

5.8 5.8 - 

8.0 

3.8 - 

-1e.e -r- , , , -1e.e 1 I --- 1 
168 318 469 610 768 168 316 468 618 768 

TIM IN tiILLISECONDS 

HBUX LCIP BELT STUDY TEST NO: 2026 SU8.J ID: 95% 

- -___-_______ 

28.8 - SLED IN1 UEL (F/S) 

0.8 - 

-20.8 - 

-48.0 - 

-68.8 - 

-88.0 - 

-180.8 - - 

20.8 - SLED WLOCITY (F/S) 

8.8 

-28.8 - 

-40.8 - 

-60.9 - 

-80.8 - 

-1ee.e 
169 318 468 618 768 

TIME IN NILLISECONDS 
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--- -- --- __- 

sem. 0 

1 

LF LAP X <LB) 

4060.0 

HBUX LcIP BELT STUDV TEST NO: 2926 SUM ID: 95% 

5000.0 LF L&P 2 (LB) 

4000.0 

3000.0 

5000.0 - LF LhP Y (LB) 

4008.0 - 

3000.0 _ 

2008.8 - 

ieee.O - 

5000.0 
1 

LF LOP RES I LB ) 

4000.0 - 

3000.0 - 

i?eee.e - 

ieee.O - 

0.0 I I I , 1 
160 310 460 610 ?60 160 310 460 610 760 

TIRE IN RILLISECONDS 

HBUX LAP BELT STUDY TEST NO: &%?6 SUBJ ID: 9S% 

5800.0 RT LAP X (LB) 

4000.0 

3000.0 

5000.0 

i 

RT LCIP Y (LB) 

4000.0 

3eee.e 

ae00.0 

‘““::: LkL--- 
160 310 460 610 768 160 310 460 610 760 

!i000.0 

1 

RT LhP 2 (LB) 

4000.0 

3000.0 

a000.0 

1000.8 

0.0 l--b- --- 

SOW.8 
1 

RT L&P RES (LB ) 

4080.8 - 

3000.0 - 

aOee.e - 

1eee.e - 

0.0 I 1 1 1 

TIME IN llILLISECONDS 
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HBUX LAP BELT STUDY TEST NO: 2826 SUBJ IDI 95% 

5898.8 1 SHOULDER X (LB) SQQQ.8 - SHOULDER Z (LB) 

4008.8 - 4eee.e - 

3888.8 - 3888.8 - 

2eee.e - 2088.9 - 

1eee.e - 100e.e - 

8.8 8.8 7 I I I I 

5680.8 - SHOULDER V (LB) S88Q.8 -T SHOULDER RES (LB) 

4808.8 - 4888.0 - 

3888.0 - 3080.0 - 

2eee.e - 2088.0 - 

1888.8 - 1eBB.B - 
8.8 I 1 I I e.O / I 1 1 

168 318 468 618 768 168 310 460 618 768 
TIME IN RILLISECONDS 
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HBUX LAP BELT STUOY TESTc 2027 

DRTA ID 
------- 

TIRE BF EVENT 

2.5V EXT PWR 
1DV EXT PM 

SHO PLD PRIOR EVENT 
LF LAP PLO PRIOR EVENT 
RT LAP PLO PRIOR EVENT 

SLED X RCCEL 
SLED X ACCEL lSNl 
SLED Y FICCEL 
SLED Z ACCEL 

SLED VEL (INT 
SLED VELUCITY 
VEL AT EVENT 
3tiOULDER LORD 

SHOULDER LBAD 

ACCELI 

X 

Y 

SHOULDER LDRD 2 
SHOULDER RESULTANT 

LF LRP LBAD X 
LF LRP LOAD Y 
LF LAP LOAD Z 
LF LRP RESULTRNT 
RT LRP LORD X 

FIT LAP LORD Y 
RT LAP LOAO Z 
RT LRP RESULTRNT 

SUBJ: 957. 

WRX 
--- 

2.51 
10.01 

0.2U 
0.20 

UUBl. 89 

17u.ou 

1105.53 
U592.51 

1280. U3 -16. lU 

Ku’- i: . -':G . 

WT: 20U.D NUN G: UO.0 CELLI X 

HIN 
em- 

s-x: . 

-39.78 
-39.U2 

-2.m 
-2.36 

-12.68 

-‘Elf . 

Tl 
-0. 

5991.00 

12u. 00 
471.00 

EL!* E 
5090: 00 

T2 CH 
-- -- 

37 

1 

5 
29 

23 

22 

21 

18 

:: 
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HBUX LAP BELT STUDY TEST NO: 2627 SUBJ IDt 9S8 

16.6 - SLED X (C) 

10.0 7 SLED Y (C) 10.9 - SLED 2 (C) 

5.8 - 5.8 - 

0.8 

-5.8 - -5.8 - 

-19.0 1 , t t de.9 t , I 1 1 

5996 6140 6296 6448 6596 S996 6148 6296 6449 6598 

TIRE IN I’IILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2927 SUBJ ID: OS% 

20.8 - SLED INT UEL (F/S) 

0.8 _-------------*--.---------------------------------- 

-29.9 - 

-48.0 - 

-66.9 - 

-89.9 - 

-166.0 .t -- ----I 

26.9 SLED VELOCITY (F/S) 

8.8 ------e-m --------------_------------------------ _-_- _ --_ 

-20.9 

-46.9 

-88.8 

‘1\- -190.9 -- -1 

5998 614e 6299 6449 6596 

TIHE IN MILLISECONDS 

-68.9 
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HBUX LAP BELT STUDY TEST NO: 2027 SUBJ ID: 95% 

5000.0 LF LAP X (LB) 5000.0 LF LAP 2 (LB) 

4000.0 4000.0 1 

5000.0 - LF LAP Y <LB) 5000.9 - LF LAP RES (LB) 

4000.8 - 4000.0 - 

3000.0 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 

0.0 
5990 6140 6290 6440 6590 5990 6140 6290 6440 6598 

TIRE IN MILLISECONDS 

. 

HBUX LAP BELT STUDV TEST NO: 2027 SUBJ ID: 05% 

5000.0 5800.8 7 

1 

RT RT LAP LAP X X (LB) (LB) 5000.0 5000.0 - RT RT LAP LAP 2 Z (LB) (LB) 
. . 

4000.0 4000.0 - 4088.0 4088.0 - 

3000.8 - 3000.0 - 

2008.8 - 2000.e - 

1000.8 - 1000.~ - 

0.0 ‘r J I I 1 0.0 I I I 1 

5000.0 7 RT LAP Y (LB) 5000.0 - RT LAP RES (LB) 

4080.8 - 4900.8 - 

3000.0 - 3800.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.0 - 
5990 6140 6290 6440 6590 6990 6140 6290 6440 6590 

TIRE IN ClItLISECONDS 
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WBUX IAP BELT STUDY TEST Not 2 27 SUBJ ID: 95% 

5988.8 - SHOULDER X (LB) 5988.8 - SHOULDER 2 (LB) 

4608.8 - 4eee.e - 

3888.0 - 3080.0 - 

2888.0 - 20ee.e - 

J008.9 - iee0.e - 

0.0 , I 1 -1 

5888.8 - SHOULDER Y (LB) S8Q8.8 - SHOULDER RES (LB) 

4090.0 - 4eee.e - 

3008.0 - 3800.0 - 

2eee.e - 2098.9 - 

iOee.e - i0ee.e - 
8.8 -t - / I I I I 0.8 I 1 I 

5998 6140 6298 6448 6598 5990 6148 6298 6448 6598 

TIM IN HILLISECONDS 
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- --- __ 

HBUX LAP BELT STUDY TEST: 2028 SUBJ: 95X 

DATA IO HRX 
---____ me- 

TIME f?F EVENT 

2.5V EXT PHR 
1OV EXT PUR 

2.50 
10.01 

SHO PLO PRIOR EVENT 
LF LRP PLO PRIOR EVENT 
RT LAP PLO PRIOR EVENT 

21.74 

XiE . 

SLED X RCCEL 
SLED X ACCEL [Stl, 
SLEO Y RCCEL 
SLEO I ACCEL 

SLEO VEL (INT ACCELl 
SLED VELOCITY 
VEL AT EVENT 
SHOULDER LORO X 

SHOULDER LORO Y 

u 

SHBULDER LORD Z ou1.20 
SHOULOER RESULTRNT : 

-12.31 
316.U6 2.65 

LF LAP LOAD X 
LF LAP LORD Y 
Lf LAP LOAD z 
LF LRP RESULTANT 
RT LRP LORD X 

169.16 

156. IU 

RT LRP LORD Y 
RT LRP LORD 2 
RT LAP RESULTRNT 

MT: 204.0 NOM t: UO.0 CELL: X 

MIN 
--- 

2.49 
9.98 

-11.23 

-21.22 
-10.79 

-2? fi 
-32: 61 

-7.10 

-2?o7t . 

Tl 
se 

203.00 

3Yz* ii . 

KE 
100: 00 

9% E . 

3us. 00 

3u7.00 

350.00 
3u9.00 

350.00 

woo . 

T2 
a- 

39.00 
2119.00 

%* 88 
200: 00 

U27.00 

‘462.00 
533.00 

E2* :: 
760: 00 

52. ii: . 

728.00 
709.00 
689.00 

CH 
-- 

37 

ii 

1 

3 

29 

23 

22 

21 

:z 
17 

16 

:: 

52 



--- 

HBUX LcIP BELT STUDY TEST NO: 2028 SUBJ IDI 95% 

19.9 - SLED X (C) 16.8 3 SLED X (C) 

-58.0 I 

10.0 7 SLED V (G) le.0 , SLED 2 (G) 

5.0 - 5.8 - 

8.8 

-s.e - -5.8 - 

-1e.e , I I t 1 -10.8 I I --7 
288 358 588 650 88% 200 358 58% 658 888 

TI#E IN CIXLLJSECONDS 

HBUX L&P BELT STUDY TEST HO1 2828 SUBJ ID: 95% 

20.0 - SLED INT UEL (F/S) 

O.e --- _- _________ _ ---_ -_ 

-2e.e - 

-40.0 - 

-68.8 - 

-80.8 - 

-100.6 - - 

243.8 - SLED VELOCITY (F/S, 

-2e.e - 

-40.0 - 

-69.9 - 

-80.8 - 

288 358 509 658 868 

TfllE IN MLLISECGNDS 
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HBUX LAP BELT STUDY TEST NO: 2928 SUBJ ID1 95% 

5090.9 Lf LCIP 2 (LB) 

4000.0 

3080.0 3 

se@@.8 - Lf LAP X (LB) 

4800.0 - 

3eee.e - 

2eee.e - 

1eee.e - 

8.8 J I 1 1 

5000.0 Lf LAP Y (LB) 

4089.0 

3080.0 

2080 + 0 

‘““::: Ik 
see 350 580 650 88% 

5000.0 
1 

Lf LfiP RES (LB) 

4008.0 4008.0 - - 

3080.0 3080.0 - - 

2000.0 2000.0 - - 

1000.0 1000.0 - - 

9.0 9.0 / / I I 1 1 1 1 

290 358 see 650 800 

TIME IN MILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2028 SUBJ IDt 95% 

5000.6 - RT LGP X (LB) 5000.0 - RT LaP 2 (LB) 

4900.8 - 4998.0 - 

30ee.e - 3888.0 - 
L I 

2000.0 - 2000.0 - 

ieee.0 - ieee.0 - 

0.0 I I 4 0.0 J -7 

5900.9 - RT LAP Y (LB) 5000.0 - RT LAP RES (LB) 

4eee.e - 4090.0 - 

3000.0 - 3090.0 - 

2eee.e - 2008.0 - 

ie0e.e - 

e*e 
290 358 see 650 8e0 am 350 see 650 800 

TIflE ZN RILLISECONVS 
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HBUX LCIP BELT STUDY TEST NO: 2828 SUBJ ID: 95% 

SHOULDER X (LB) 5898.8 7 SHOULDER t (LB) 

4908.9 - 

3889.6 - 

2888.8 - 

1eee.e - 

8.0 I 1 8 -1 

5888.8, SHOULDER Y (LB) 5090.9 7 SHOULDER RES (LB 1 

4980.9 - l%tM.O - t 
3988.8 - 3888.8 - 

2ao0.0 - 2889.0 - 

ieee.0 - l9wT.6 - 

8.0 - I / I 1 1 8.8 1 1 t 
280 350 508 658 888 209 35% see se 888 

TIRE IN tlILLISECONDS 
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HBUX LRP BELT STUDY TEST: 2029 

DATR ID 
c-----_ 

TItlE OF EVENT 

2.5V EXT PWR 
1OV EXT PWR 

SHD PLO PRIM EVENT 
LF LRP PLO PRIOR EVENT 
flT LRP PLO PRIOR EVENT 

SLED X RCCEL 
SLEO X ACCEL tStI1 
SLEO 1 RCCEC 
SLED Z RCCEL 

N-C STRRP 
SLED VEL tINT 
SLED VELOCITY 
VEC AT EVENT 

RCCEL) 

SHOULDER LORD 

SHOULDER LORD 
SHOULDER LORD 
SHCIULOER RESULTANT 

LF LRP LOAD X 
LF LAP LORD Y 
LF LAP LOAD Z 
LF LRP RESULTRNT 

AT LAP LORD X 
RT LAP LOAO Y 
RT LRP LORD Z 
RT LRP RESULTRNT 

SUBJ: 95% 

HRX 
--- 

C(T: 20u.0 NOti C: u0.3 CELL: x 

HIN Tl 
--- mc 

2.51 
10.02 

31.74 
34.59 
28.51 

2.u9 
9.98 

‘%fl 
0:26 

-2.37 

r;;;-;: 
-ros:s1 

UQU.00 
170.00 
274.00 

U506. us -26.70 318.00 

210.U7 
1103.72 
U6U2. UD 

E- :: 
2773: 73 

-%Ei 
-5:Sl 

:x: 
320: 00 

U367.10 3.60 321.00 

:u9z:- :: 
2920: 6 I 
U3BB. U7 

320.00 

E- Ei 
321:OO 

T2 CH 
-- -- 

37 

23 

E 

tz 
17 

16 

:: 

56 



HBUX LCIP BELT STUDY 7ESt NO: 2929 SUBJ ID: 95% 

10.0 

8.8 

-ie.e 

-2e.e 

-38.8 

-48.8 

-58.8 

- SLED X (Cl le.8 

5.8 

8.8 

-5.8 

- -l--- c I 7 -ie.e 

- SLED 2 <C) 

I I 7-1 

le.8 , SLED Y (G) i6ee.e , N-G STRAP (LB) 

5.8 
808.0 - 

608.8 - 

8.8 488.8 - 

2ee.e - 
-5.0 - 

e.8 

-1e.8 - 1 1 1 , -288.8 , I 1 I I 

178 328 478 628 778 178 328 478 62e 778 

TIfiE IN MLLISECONDS 

HBUX LAP BELT STUDV TEST NOI 2829 SUBJ IDt 95% 

2B.e- SLED INT UEL (F/S) 

0.8 

-2e.e - 

-48.8 - 

-68.8 - 

-88.8 - 

-108.8 t --- 

2e.e - SLED VELOCITY (F/S) 

- ---------------_-___- -___ _ 

-28.8 - 

-40.0 - 

-68.6 - 

-88.0 - 

--1 
32@ 478 626 778 

TIRE IN RXLLISECONDS 
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HBUX LfiP BELT STUDY TEST NO: 2 29 SUB.J ID: 95% 

5000.0 - LF LfiP X (LB) 5060.9 - LF L&P 2 (LB) 

4000.0 - 4009.0 - 

3000.9 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.0 1 -r-- I 0.0 

5000.0 LF LAP Y (LB) 5000.0 - LF L6P RES (LB) 

4000.0 - 4000.0 - 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.0 0.0 
170 320 470 620 770 170 320 470 620 770 

TIIIE IN RILLISECONDS 

HBUX LfiP BELT STUDY TEST NO: 2029 SUBJ ID: 95% 

5000.0 1 Rf LAP X (LB) 5000.0 RT L(IP 2 (LB) 

4000.0 I 4000.0 

Rf LAP X (LB) 5000.0 - RT L(IP Z (LB) 

4000.0 - 

3000.0 - 

2000.0 - 

1000.B - 

0.0 1 I I 1 

5000.0 RT L&P Y (LB) 5000.0 - Rt LhP RES (LB) 

4080.0 - 
4000.0 

- I 
3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 
0.0 I / I i I 

1 0.0 1 1 1 

170 320 470 620 770 170 320 470 620 770 
TIRE IN MILLISECONDS 
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5000.0, SHOULDER X (LB) 

4000.0 4000.0 - 

3000.0 3000.8 - 

2000.0 2000.0 - 

1000.0 1000.0 - 

0.0 f / 1 1 1 

HBUX LW BELT STUDY TEST NO: 2029 SUM IDI 95% 5000.0 SHOULDER 2 (LB ) 

4808.8 

3800.9 

2088.0 I 
‘““::: In-- 

5000.0 - SHOULDER Y (LB ) 

4080.0 - 

3000.0 - 

2000.0 - 

1090.6 - 

0.8 -t /\ 1 , 1 1 

170 320 470 620 770 

5000.0, SHOULDER RES (LB) 

4000.0 - 4000.0 - 

3008.0 - 3008.0 - 

2008.0 - 2008.0 - 

1000.0 - 1000.0 - 

8.0 8.0 

TIRE IN RILLISECONDS 

170 320 478 620 770 
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HBUX LRP BELT STUDY TESTI 2030 

DATR ID 
-e----m 

TIHE OF EVENT 

2.SV EXT PHR 2.50 
1OV EXT PClR 10.03 

SHO PLO PRIOR EVENT 25.21 
LF LRP PLD PRIOR EVENT 36.59 
RT LRP PLO PRIOR EVENT SU.VI 

SLED X ACCEL 
SLED X RCCEL (SRI 
SLED Y RCCEL 
SLED 2 ACCEL 

SLED VEL (TNT RCCELI 
SLED VELOCITY 
VEL AT EVENT 
SHOULDER LOAD X 

1.7u 
1.35 

i% . 

0.01 
0.20 

U176.87 

SHOULOER LORD Y 15u.27 

SHOULDER L4RD 2 1073.75 
SH4ULDER RESULTRNT u313.ua 

LF LAP L4AO X 
LF LAP LORD Y 
LF LAP LOAD t 
LF LAP RESULTRNT 
RT LAP LORD X 

RT LAP LORD Y 
RT LAP LOAD F 
RT LRP RESULTANT 

SUBJ: 95% HTc 20U.D N4H G: UO.0 CELL: X 

HAX 
--- 

HIN Tl 
--- -- 

2ou. 00 

1.00 
73.00 

E-I: 
100:00 

E% 
388: 00 
sou.00 

208.00 
221.00 

357.40 

93u. 00 

9U6.00 
3s0.00 

CH 
-- 

37 

uui 

-39.62 

Y- ii 
-2: 16 

29 

23 

22 

21 

-1U.Ul 
-1U.68 

2.20 

337.00 
337.00 
337.00 
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HBUX L(rP BELT STUDY TEST NO: 2938 SUBJ ID1 95% 

10.0 10.0 _ SLED X (G) SLED X (G) 

0.8 

-10.0 

-20.0 
-39.8 

-40.8 -48.8 - 

-50.0 r , , I 

10.8 SLED Y fC) le.0 - SLED Z (C) 

5.0 - 5.8 - 

0.8 

-5.8 - -5.8 - 

-1e.o ’ I I -1 -18.6 I I 1 1 
288 358 see 650 me 288 358 500 658 888 

TIRE IN NILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2838 SUBJ ID: 95% 

20.8 - SLED INT UEL (F/S) 

0.8 -- ------ ----_ -_------_----._---___ -- - -- __--_--_- _ 

-2e.e - 

-40.8 - 

-60.0 - 

-88.8 - 

-1ee.e r-- 

20.8 - SLED UELOCITY (F/S) 

-2e.e - 

-40.8 - 

-60.8 - 

-80.8 - 

--- --I 
368 586 658 808 

TIME IN IWLLISECONDS 



HBUX Lc)P BELT STUDY TEST NO: 2838 SUBJ ID: OS% 

5000.0 - LF LAP X (LB) LF Lf)P 2 (LB) 

4888.8 - 

3880.8 - 

2080.0 - 

1eee.e - 

0.8 J - I ------I 

5088.8 - LF LCIP Y (LB) 5888.8 - LF LAP RES (LB) 

4808.8 - 4808.8 - 

3080.0 - 3808.8 - 

8809.0 - 2eee.e - 

ieee.0 - 1888.8 - 

8.0 -t I 1 1 1 8.8 

288 350 580 658 808 see 358 508 65B Bee 
TIRE IN MILLISECONDS 

HBUX LAP BELT STUDY TEST NO: 2838 SUBJ ID: 95% 

5888.8 RT LAP X (LB) 5888.8 RT LhP 2 (LB) 

4888.8 4880 .e 

3088.8 3880.0 

5080.0 - RT LCIP Y (LB) 5080.0 - RT LAP RES (LB ) 

4080.8 - 4808.0 - 

3eee.e 3000.0 - 

2eee.e - 2080.8 - 

iee0.0 -' 1eee.e - 

0.8 -t I I I 1 8.8 -3 
see 358 see 650 888 see 358 see 658 888 

TIME IN MILLISECONDS 
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HBUX LhP BELT STUDV TEST HOt 8838 SUBJ IDa 95% 

5869.6 - SHOULDER X (LB) SHOULDER 2 (LB) 

4080.0 - 

3080.8 - 

2886.9 - 

1eee.e - 

0.8 I I --t---1 

5600.6 7 SHOULDER V (LB, 5606 .e - SHOULDER RES (LB ) 

4880.8 - 4888.8 - 

3080.8 3809.8 - 

2888.8 - 2689.0 - 

iQ60.0 - 1ee0.0 - 

9.0 1 1 ‘ 1 0.0 

2B9 350 500 658 866 280 358 see 656 898 

TIRE IN RILLISECONDS 
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HBUX LAP BELT STUDY TEST: 2031 

DATA IO 
_--____ 

TItlE OF EVENT 

2.5V EXT PWR 
1OV EXT PWR 

SHO PLO PRIOR EVENT 
LF LRP PLO PRIOR EVENT 
RT LRP PLO PRIOR EVENT 

SLED X RCCEL 
SLED X RCCEL (SHI 
SLED Y ACCEL 
SLEO 2 ACCEL 

SLED VEL (IN1 
SLED VELOCITY 
VEL AT EVENT 
SHOULDER LORD 

RCCELI 

SH0ULOEA LOAD 

X 

Y 

SHOULOER LUAO Z 1006.89 
SHObLDER RESULTANT ‘4206.89 

LF LAP LORO X 
LF LAP LORD Y 
LF LAP LORD Z 
LF LAP RESULTANT 
RT LAP L3AD X 

RT LRP LORO Y 
RT LRP LORO Z 
FIT LRP RESULTRNT 

SUBJI 95% 

HRX 
--- 

2.51 
10.01 

x-:x . 
U089.38 

177.99 

WTI 20Y.0 NOM Cc ‘40.0 CELL8 X 

Tl 
-^ 

170.00 

72 CH 
-- -w 

37 

w ii . 

70.00 
70.00 
70.00 

53.00 
u2.00 :‘e 

x I% 
3or:oo 
U72.00 

331.00 

Ei% 
328: 00 

170.00 
261.00 

315.00 

399.00 

tf Yi- ii 
use: 00 

333.00 365.00 

319.00 
316.00 

316.00 747.00 
315.00 194.00 

31Etl 
326: 00 

z- ii 
689: 00 

1 

P 
29 

23 

22 

21 

64 



HBUX LhP BELT STUDY TEST NO1 2631 SUBJ ID: 65% 

le.8 

0.9 

-10.e 

-20.6 

-38.8 

-40.6 

-50.8 

, SLED X (C) 

l--v--- 
-J- -7 I . 1 

18.8 3 SLED Y (C) 10.8 - SLED 2 (C) 

5.8 - 5.0 - 

8.8 

-5.0 - -5.8 - 

-19.8 7 I I I I -10.9 -t I I I -1 

178 326 479 629 776 176 326 478 629 776 

TIRE IN RILLISECONDS 

HBUX LCIP BELT STUDY TEST NOI 2831 SUBJ ID: 95% 

26.6 - SLED INT VEL (F/S) 

0.8 - - --- -- -- 

-28.6 - 

-48.6 - 

-69.8 - 

-86.0 - 

-1e0.0 1 - ---_ I I - --- --1 

26.9 - SLED VELOCITY (F/S) 

-- -_ 

-26.8 - 

-46.0 - 

-69.8 - 

-89.8 - 

178 326 478 626 778 

TIRE IN NILLISECONDS 
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5888.8 LF LfiP X <LB) 

4880.9 

3808.8 

HBUX LAP BELT STUDY TEST NO: 2931 SUBJ ID2 95% 

Wee.8 LF LAP 2 (LB) 

4988.9 

3088.0 

5888.0 LF LAP Y (LB) 

4880.9 

3000.0 

2888.8 

178 328 478 628 778 

5800.0 LF LAP RES (LB 1 

4800.8 a 

170 328 470 629 778 

TIME IN IIILLXSECONDS 

HBUX LAP BELT STUDY TEST NO: 2031 SUBJ ID: 95% 

5800.0 RT LAP X (LB) 5888.8 RT LAP 2 (LB) 

4800.0 4808.0 

3000.0 

2060.8 

1000.0 

0.0 

3000.0 

aeee . e 

1000 .e 

1 8.0 

5000.0 - RT LfiP Y (LB) 5089.0 - RT L&P RES (LB) 

4900.0 - 4000.8 - 

3008.8 - 

20ee.e - 2000.0 - 

1e00.0 - re00.0 - 

0.0 I I I , I 
179 329 470 628 770 170 320 470 620 778 

TIllE IN IlILLISECONDS 

Q6 



5009.0 - SHOULDER X (LB) 

4008.9 - 

3900.0 - 

2000.0 - 

1000.0 - 

0.0 * 

5000.0 SHOULDER V (LB ) 

4000*0 - 

3000.0 - 

2000.0 - 

1900.0 - 

0.0 I - I 1 8 t 
170 320 470 620 770 

HBUX L&P BELT STUDY TEST no: 2031 SUBJ ID: 95% 

seee.0 SHOULDER 2 (LB> 

4000.0 

3090.0 

2000.0 

10e0.0 

0.0 L -11 

5000.0 1 SHOULDER RES (LB) 

4000.0 - 

3000.0 - 

2000.8 - 

ieOe.e - 

0.0 I, I I 1 
170 320 470 620 770 

tImE IN MLLISECONDS 

57 



_- -- 

HBUX LAP BELT STUDY TEST: 2080 

ORTR IO 
------- 

TIIIE OF EVENT 

2.5V EXT PWA 2.50 
1OV EXT PHR 10.01 

SHO PLO PRIOR EVENT 10.89 
LF LAP PLO PRIOR EVENT 2U.87 
RT LAP PLO PRlbR EVENT 17.74 

SLED X RCCEL 3.5U 
SLED X RCCEL (SHI 3.08 
SLED Y RCCEL 2.38 
SLEO L ACCEL 2.83 

SLED VEL IINT 
SLEO VELOCITY 
VEL AT EVENT 
SHOULOER LOAO 

SHOULOER LQRO 

SHOULDER LORD 
SHCIULOER RESULTRNl 

RCCEL) 

LF LRP LORD X 
LF LRP LCIRD Y 
LF LAP LORD Z 
LF LAP RESULTRNT 
FIT LRP LORD X 

RT LAP LIYRO Y lSSU.97 -106.97 
RT LAP LORD Z 3uo7.1u -287.1U 
AT LAP RESULTRNT 5665. U6 5.17 

SU8J: 95% 

MAX 
--- 

UUSO. VU 

118.U3 

970.61 
usue. 97 

NT: 20U.0 NBH G: 40.0 CELLI X 

HlN Tl 
--- -- 

162.00 

227.00 
SUB. 00 

-uo. 2u 

--“xi 
-1:52 

-106.57 

s;;;*:; 
-356: 85 

E*X! 
“3;:: g 

. 

276.00 
2lU.00 

322.00 

-21.61 322.00 

-‘:I 593 

-652.81 
-665.18 

-28:* 5: 
-29s: 9u 

T2 
-- 

15.00 
65.00 

:tX*IX 
1ao: 00 

337.00 
337.00 

%Z* 3 . 

1102.00 

i% Ii 
S29: 00 

326.00 

329.00 
77s. 00 

CH 
-- 

37 

t;: 

29 

23 

22 

21 

t;: 
17 

18 

:: 
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HBUX LCIP BELT STUDY TEST NO8 2@80 SUBJ XD: @St 

le.9 - SLED X (G) 19.6, SLED X (G) 

0.8 0.8 
-10.0 - - -10.0 

-20.9 - - -20.9 

-30.0 - -30.0 - 

-40.0 - -40.0 - 
-50.0 1 1 I r I 

10.0 - SLED Y (C) 10.0 - ;LED Z (C) 

5.0 - 5.0 . 

0.0 

-5.0 - -5.0 - 

-10.0 1 1 I I 1 -10.0 t I 1 , , 

180 330 480 630 780 180 330 480 630 780 
TIHE IN IIILLISECONDS 

HBUX LAP BELT STUDY TEST ff0: 2980 SUBJ ID: BSf 

20.0 7 SLED IN7 VEL (F/S) 

0.0 

-20.0 - 

-40.0 - 

-60.0 - 
-80.0 - 

-100.8 

20.0 - SLED VELOCITY (F/S) 
0.0 

-29.0 - 

-48.8 - 

-60.0 - 
-80.0 - 

-100.6 

180 339 480 639 789 
TINE IN RILLISECONDS 
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HBUX LfiP BELT STUDY TEST NO: 2080 SUBJ 101 OS% 

5000.0 - LF LRP x 

4000.0 - 

3000.0 - 

2000.0 - 

1000.0 - 
0.0 J 1 4, 

5000.0 

4000.0 

3000.0 

2000.0 

1000.0 

0.0 i 

LF LlsP Y (LB) see0 . 8 

4000.0 

3000.0 

2080.0 

1000.0 

0.0 

LF LA 

AlI 
5 (LB) 

180 330 480 630 780 180 330 480 630 780 

TIHE IN NILLISECONDS 

HBUX LRP BELT STUDY TEST NO: 2080 SUBJ ID: 958 

5000.0 - RT LAP X (LB) 5000.0 - RT LAP Z (LB) 

4000.0 - 4000.0 - 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.-e - 

0.0 0.0 I I )- 1 1 I 

5000.0 -, RT LAP Y (LB, 5000.0 - RT LFI 

4000.0 - 4000.0 - 
J 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 
0.0 0.0 1 I L- 

1 I 
180 330 480 630 780 180 330 488 630 ?80 

TII’IE IN NILLISECONDS 

70 



HBUX LAP BELT STUDY TEST NOI 2 89 WBJ IDa OS8 

5888.8 - SHOULDER X (LB) SHOULDER 2 (LB ) 

4888.8 - I 

3808.0 - 

2eee.e - 

1eee.e - 

8.8 Ji 1 

5880.0 -t SHOULDER Y (LB) 5080.0 - SHOULDER RES (LB ) 

4eee.e - 4899.0 - I 

3880.0 - 3OO8.O - 

aeee.9 - 2eee.e - 

100e.e - ieee.0 - 

8.8 I I I I 1 0.0 7 /+ I 1 
188 330 48% 638 788 180 33e 488 638 700 

TIRE IN MILLISECONDS 

71 



- 

HBUX LRP BELT STJOY TEST: 2081 

ORTR 10 
------- 

TIHE OF EVENT 

2.5V LXT PWR 2.50 
1OV EXT PWA 10.01 

SHO PLO PRIOR EVENT 
LF LRP PLO PRIOR EVENT 
RT LRP PLO PRIOR EVENT 

SLED X RCCEL 
SLED X RCCEL 
SLED Y RCCEL 
SLEO 2 RCCEL 

SLED VEL (IN1 
SLED VELOCITY 
VEL RT EVENT 
SHOULDER LORD 

SHOULDER LORD 

rsn, 

FICCEL) 

X 

Y 

SHCIULOER LOAD Z 1099.15 
SHOULOER RESULTRNT u395.00 

LF LRP LbRO X 
LF LAP LORD Y 
LF LRP LORO 2 
LF LAP RESULTANT 
RT LAP LORO X 

AT LRP LCJRO Y 
RT LAP LORD Z 
RT LRP RESULTANT 

sJaJ: 95% 

MAX 
--- 

lU.92 

Xl . 

2.71 

x-s: 
2:ee 

232.00 
279.00 

363.00 

25u.51 -26.71 382.00 

-8:. :; 

-13.98 
-y;. g 

12:39 
-165.59 

-86. u3 

-“Xi . 

id?: 20Q.0 NOH GI UO.0 CELL: X 

-uo. 59 
-uo. 10 

-1.36 
-2.59 

T’r 
-- 

23U. 00 

3.00 
uoo. 00 

130.00 

K?oo: . 

%% 
369: 00 
361.00 

T2 
-- 

50.00 
217.00 

% “0: 
230: 00 

U63.00 

%% 
390: 00 

301.00 

391.00 
U61.00 

CH 
-- 

37 

ii 

1 

5 

29 

23 

22 

21 
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HBUX LAP BELT STUDY TEST NO: 2081 SUDJ XD: 95% 

18.0 -) SLED Y (G) 10.0 - SLED Z CC) 

5.0 - 5.8 - 

0.0 - 

-5.9 - -5.8 - 

-10.9 I 1 1 1 -10.9 I I I 1 t 
238 388 530 688 838 238 388 536 688 839 

TZHE IN RILLISECONDS 

HBUX LCIP BELT STUDY TEST NO2 2.81 SUBJ ID: 95% 

20.0 - SLED INT ‘JEL (F/S) 

-- -- -_ 

-28.8 - 

-48.0 - 

-66.8 - 

-89.9 - 

2B.8 - SLED UELOCITY (F/S) 

8.8 - 

-26.6 - 

-48.8 - 

-66.6 - 
-89.0 - 

-188.8 , 
238 388 538 688 838 

TIRE IN MLLXSECONDS 

73 



HBUX LAP BELT STUDY TEST NO: 2081 SUBJ IDa 58 

5008.0 7 LF LAP X (LB) 5000.8 LF L&P 2 (LB) 

4000.8 - 4000.0 

3000.0 - 3eee*e 1 d 1 
2000.0 - 

1000.9 - 

0.0 10 I , 

5000.0 - LF L&P Y (LB) 5000.0 - LF L 

4000.0 - 4000.0 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.0 0.0 

230 380 530 680 830 230 380 530 680 830 

TIPlE IN MLLISECONDS 

HBUX LAP BELT STUDV TEST NO: 2081 SUBJ ID: DSt 

5000.8 RT LAP X (LB) 5000.0 RT L&P 2 (LB) 

4000.0 4000.0 

5000.0 1 Rt L&P Y (LB) 5000.0 1 RT LfiP RES (LB) 

4000.0 - 4000.0 - P 
3000.0 - 3000.0 - ‘y 

2000.0 - 2000.0 - 

1900.0 - 1000.0 - 

0.0 I, , 1 I 1 
230 380 530 680 830 230 380 530 680 830 

TINE IN tlILLISECOtlDS 

74 



5980.8 - SHOULDER X (LB) 

4808.8 - 1 

3808.0 - 

am.0 - 

1eee.e - 

0.0 r / . 0 I 

6888.0 - SHOULDER Y (LB) 

4088.8 - 

3968.0 - 

2088.8 - 

1eee.e - 

8.8 + A 1 1 1 

238 388 530 688 a38 

6888.0 7 SHOULDER Z (LB ) 

4088.8 - 

3880.8 - 

am.0 - 

fmN.8 - 

8.0 1 

5060.8 SHOULDER RES (LB) 

4880.8 

3680.8 

388 538 688 a39 

HBUX LfiP BELT STUDV TEST NO: ZOBi SUBJ IDS #I 

TXPlE IN I’IILLISECONDS 
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- - - -  -  

- -  I - -  ~ - -  

HBUX LRP BELT STUDY TEST: 2062 SUBJ: 95X 

DATA ID MAX 
em----- --- 

TIME OF EVENT 

2.SV EXT PNR 2.50 
1OV EXT PNA 10.01 

SHD PLO PRIOR EVENT lU.72 
LF LAP PLD PRIOR EVENT 22.u9 
RT LAP PLO PRIOR EVENT 22.95 

SLED X ACCEL 
SLED X ACCEL 
SLED T’ ACCEL 
SLED Z ACCEL 

SLED VEL (IN1 
SLED VELOCITY 
VEL Al EVENT 
SHOULDER LORD 

SHQULOER LOAD 

tSM) 

ACCEL) 

SHOULDER LOAD 
SHOULDER RESULTANT 

LF LAP LORD X 
LF LAP LORD Y 
LF LAP LOAD z 
LF LAP RESULTRNT 
RT LAP LORD X 

RT LRP LORD Y 1510.51 
RT LRP LORD Z 3167.71 
RT LAP RESULTRNT UBU5.60 

1.01 
l.UU 
2. UD 
Y.77 

txi; . 

u392.92 

196.63 

113u.09 
us29. so 

WTI 204.0 NCIM Gt UO.0 CELL: X 

MIN 
m-m 

-9.52 

-w . 

-YE 
-120: iv 

2.20 
-23.03 

-s 
7172 

Tl 12 
-- c- 

172.00 

8.00 
263.00 

70.00 
70.00 
70.00 

IfE* XI 
308: 00 
UBS. 00 

:K? ii . 

32u. 00 

3U6.00 

::!-!i . 

33u.00 

S%* it 
yg: I38 

. 

:i:- 8X 
33u: 00 

uo3.00 
u39.00 

%K . 

561.00 

63U.00 

t::.:: 
630100 
583.00 

CH 
-- 

37 

2 

1 

f 

29 

23 

22 

21 

76 



HBUX LAP BELT STUDY TEST HO* 2682 SUBJ IDa OS% 

18.0 - SLED X (C) 

8.9 -1 

-1e.e - 

-28.8 - 

-38.8 - 

-40.0 - 

-58.8 -f- - -r-- --l-----T-- 1 

18.8 1 SIED Y CC) 10-n , SLED 2 CC’ 
! 

-19.8 4-----r 1 I 1 -10.9 VT---T---l 
170 328 478 620 778 178 328 478 628 778 

TIRE IN IlILLISECONDS 

HBUX LCIP BELT STUDY TESt NO: 2882 SIJDJ IDI !Xit 

28.0 - SLED INT VEL (F/S) 

8.8 -’ 

-28.8 - 

-40.8 - 

-60.0 - 

-80.0 - 

-1ee.e 

20.8 - SLED UELOCITY (F/S) 

0.0 

-20.0 - 

-40.8 - 

-60.8 - 

-88.8 - 

-109.0 
178 328 478 628 778 

TIRE IN MLLISECONDS 

77 



--- 

5800.0 LF LhP X (LB) 

4000.0 

HBUX L&P BELT STUDY TEST NO: 2982 SUDJ ID: 95% 

5000.8 LF LfiP 2 (LB) 

4008.6 

3000.0 

2000.0 

1000.0 

5000.0 LF LAP Y (LB) 

4080.0 

3000.0 

2000.0 

170 320 470 620 770 170 320 470 620 770 

7.1% IN flILLISECONDS 

HBUX LeP BELT STUDY TEST NO: 29B2 SUBJ ID: 95% 

5000.0 - RT LCIP X (LB) 5000.0 - RT LfiP 2 (LB1 

4000.0 - 4000.0 - 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

i0ee.e - 1000.*0 - 
0.8 1 I 1 I 1 0.0 1 I 1 

5000.0 - RT LAP Y (LB) 5800.0 -, RT Lfi 

4000.0 - 4000.0 - 

3000.0 - 3000.0 - 

2000.0 - 2000.0 - 

1000.e - 1eee.e - 

0.0 0.0 J , I , 
170 320 470 620 ??0 170 320 470 620 770 

TIHE IN flILLISECONDS 

78 



HBUX LCSP BELT STUDY TEST NO: 2BB2 SUBJ ID1 9% 

S880.8 - SHOULDER X (LB) 5880.6 -, SHOULDER 2 (LB) 

4898.9 - 4009*@ - 

3090.0 3899.8 - - 

2008.8 - 2eee.e - 

imm.8 - 1eee.e - 

0.0 J I I 0.0 

5800.8 - SHOULDER Y (LB) 5860.0 -I SHOULDER RES (LB ) 

4080.0 - 4888.8 - 

3800.0 - 3888.8 - 

2090.0 - 2609.0 - 

1fmo.e - 190e.e - 

8.8 - r - / I , 1 8.8 I I 1 1 
178 320 470 628 778 178 329 478 628 778 

TINE IN FiILLISECONDS 

79 



--- 

HELIX LAP BELT STUDY TEST: 2083 

DFITA 10 
------- 

TIME OF EVENT 

2.5V EXT PYR 2.50 
1OV EXT PUR 10.01 

SHD PLO PRIBR EVENT 
LF LRP PLO PRIOR EVENT 
flT LRP PLo PflsaR EVENT 

SLED X RCCEL 
SLEO X ACCEL tSHl 
SLED Y RCCEL 
SLED L ACCEL 

SLED VEL (INT ACCELI 
SLED VELOCITY 
VEL AT EVENT 
SnaULOER LORD x 

SHDULOER LOAD Y 188.02 -26.03 

SHOULOER LOAD 2 1115.16 
SHOULDER RESULTANT UU32.41 

LF LRP LORD X 
LF LAP LOAD Y 
LF LAP LORD Z 
LF LAP RESULTANT 
RT LRP LOFID X 

RT LAP LOAD Y 
RT LAP LORD Z 
RT LAP RESULTANT 

SUBJ: 95% NT: 20U.0 NOM G: UO.0 CELL: X 

MAX HIN 
--- --- 

Tl 
-- 

207.00 

9.00 
238.00 

E-:x 
100:00 

T2 
-- 

CH 
-- 

37 

:i 

-U2.86 

-Y 2 
-1:95 

1 

9 

u293.35 

-107.5u 
-107.70 

1;;;: :; 

-‘P ii . 
360.00 
U6U. 00 

29 

23 

22 

21 

-31.93 

:g;*g 
2:6U 

-131.U6 

%* i% . 

353.00 

35u.00 

354.00 
353.00 

E :: 
35u: 00 

365.00 
360.00 
519.00 
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HBUX Lc)P BELT STUDV TEST NO: LB83 SUBJ ID: 958 

10.8 - SLED X (C) 

-18.8 - 

-2e.o - 

-38.8 - 

-40.8 - 
-58.8 I 1 f t 

10.0, SLED Y (C) 10.0 - SLED t (C) 

5.8 - 5.0 - 

0.8 

-5.8 - -5.8 - 

-18.9 I 1 I 1 -10.8 I 1 I -7 
288 358 588 659 889 Bee 358 588 658 890 

TIRE IN flII.LISECONDS 

HBUX LAP BELT STUDV TEST HD: 2883 SUBJ ID: 95% 

20.0 - SLED IN1 UEL (F/S) 

8.8 

-20.0 - 

-40.0 - 

-68.0 - 

-80.0 - 
-100.0 

20.0 SLED VELOCITY (F/S) 
0.9 ------------------__----------------- _- __ _ 

-20.8 

-40.8 
-60.8 
-88.8 

-l%@.B 1 
206 358 599 659 888 

TIRE ZN I’IILLISECONDS 

81 



HBUX LAP BELT STUDY TEST NO: 2e83 SUBJ ID: OS8 

5000.9 7 LF LAP X (LB) 5006.0 - LF L6P 2 (LB) 

4800.9 - 4000.8 - 

3000.0 - 3600.8 - 

2000.0 - I 2000.0 - 

1000.0 - 1800.0 - 

0.0 I+ r I 1 0.0 1 rr - I 1 I 

5000.0 -I LF LAP Y (LB) 5000.0 - LF LIIP RES (LB) 

4008.0 - 4000.0 " 

3000.0 - 3000.0 - I 
aeee.0 - 2000.0 - 

1000.0 - 1000.0 - 

0.8 , ,y- I I 1 0.0 I,& , 8 I 
2e0 358 500 650 800 209 359 500 659 800 

TIRE IN ?liLLXSECONDS 

MUX LfiP BELT STUDY TEST NO: 2083 SUBJ ID: OS% 

5000.8 RT LAP X (LB) 

4000.0 

3000.0 

5008.9 RT LfiP 2 (LB) 

4000.8 

3000.0 

5000.0 

I 

RT LAP Y (LB) 

4000.0 

3800.8 

2000. e 

200 350 500 650 800 209 356 580 658 889 

5000.0 Rt LtiP RES (LB 1 

4009.8 

TIRE IN RILLISECONDS 
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UBUX LFIP BELT StlJDV TEST NO: 2883 SUBJ ID1 95% 

5888.8 - SHOULDER X (LB) SW9 . 0 

4800.8 - I 4890.9 

3880.9 - 3888.0 

2000.0 - awe. 0 

1000.0 - 1eee.e 

8.8 jv 1 I I 0.0 

SHOULDER 2 (LB) 

5888.0 - SHOULDER Y (LB) 5808.8 -, SHOULDER RES (LB 1 

4eee.e - 4880.0 - 

3000.8 - 3990.0 - 

2000.0 - 2080.0 - 

1000.0 - 100a.e - 

0.0 n I I I 1 0.0 I 1 I I 1 
200 350 580 650 800 200 359 588 650 890 

TIME IN IIILLISECONDS 

83 



- 

HBUX LAP BELT STUDY TEST: 2064 

DATA IO 
-w-m--- 

TIHE OF EVENT 

2.5V EXT PWR 
1OV EXT PM 

SHD PLD PRIOR EVENT 
LF LAP PLO PRIOR EVENT 
RT LAP PLO PRIOR EVENT 

SLED X ACCEL 
SLED X ACCEL lSH1 
SLED Y ACCEL 
SLEO I! ACCEL 

SLED VEL (INT RCCEL) 
SLED VELOCITY 
VEL FIT EVENT 
SHOULDER LORD X 

SHOULDER LOAD Y 

SHOULDER LCIAO 2 
SHOULDER RESULTANT 

LF LRP LORD X 
LF LRP LORD Y 
Lr LRP LOAD ?! 
LF LRP RESULTRNT 
RT LRP LOAD X 

RT LRP LORD Y 1185.59 -9.u9 
RT LRP LORD Z 2631.54 -11.79 
RT LRP RESULTANT 3900. su U.76 

SUBJ: 95X 

HAX 
--- 

2.50 
10.02 

zss 
21:sa 

0.01 
0.20 

U3UO. 39 

U31.62 

1123.19 
UU81.89 

WT: 20’4.0 NOR G: UO.0 CELL: X 

MIN 
--- 

2.u9 
9.98 

-39.52 

-“is A7 
-2: 78 

-105.22 

1;;;. ;: 
-21:93 

-16.76 

-10.61 
2.12 

T2 
-- 

17.00 
60.00 

x3: 
190: 00 

326. DO 

%!* t: . 

712.00 

CH 
-- 

37 

zi 

29 

23 

22 

21 
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HBUX LflP BELT STUDY TEST NO: 2804 SUBJ ID: 95% 

le.8 - SLED X (Cl 

8.8 

-1e.e - 

-2e.e - 

-38.8 - 

-48.8 - 

-58.8 f I I , I 

le.8 7 SLED Y (G) le.8 - SLED z (Cl 

5.8 - 5.8 - 

8.8 -- 8.8 - 

-5.8 - -5.8 - 

-1e.e I 1 t , -1e.e , 1 1 I 1 

198 340 498 648 798 198 348 498 648 798 
TIRE IN MILLISECONDS 

HBUX LCIP BELT STUDY TEST NO: 2884 SUBJ ID: 95% 

,?0.0 - SLED INT UEL (F/S) 

0.0 

-2e.e - 

-48.8 - 

-68.8 - 

-88.8 - 

-1ee.0 

28.8 7 SLED VELOCITY (F/S) 

-28.8 - 

-48.8 - 

-60.8 - 
-88.8 - 

348 490 648 798 
TXME IN HILLISECONDS 
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HBUX LAP BELT STUDY TEST no: 2084 SUBJ IDa 95% 

5000.0 - LF LAP X (LB) 5000.0 - LF LAP 2 <LB) 

4888.8 - 4888.8 - 

3eee.e - 3088.8 - 

2eee.s - 2000.0 - 

ieee.0 - - 

0.0 /, 

1000.0 

I I 1 8.8 

5000.0 - LF LAP Y (LB) 5000.0 - LF LAP RES (LB) 

4000.0 - 4000.0 - I 

3800.0 - 3000.0 - 

2eee.e - 2000.0 - 

1808.0 - 1000.0 - 

0.0 I I I I 1 0.0 
190 348 490 640 790 190 340 490 640 790 

TINE IN IlILLISECONDS 

HBUX LCIP BELT STUDY TEST NO: 2084 SUBJ ID: OS8 

5000.0 Rt LAP X (LB) 

4000.0 

3000.0 

5000.0 RT Lf+P 2 (LB) 

4000.0 

3000.0 

5000.0 RT LAP Y (LB) 

4000.0 

3000.0 

2800.8 

190 340 490 640 790 

5000.8 - Rt LOP RES (LB) 

4000.0 - 

3000.0 - 

2eee.e - 

ieOe.e - 

0.0 I, 1 I 1 

190 340 490 648 790 
TIME IN RILLISECONDS 
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HEUX LAP BELT StUDV TEST No: 2884 SUBJ ID: 958 

5888.8 - SHOULDER X (LB) SHOULDER 2 (LB ) 

4898.8 - 

3888.8 - 

2909.8 - 

1eee.e - 

8 . 8 -4 1 

5880.0 - SHOULDER Y (LB) 5880.8 - SHOULDER RES (LB 1 

4088.8 - 4886.8 - 

3808.0 - 3080.8 - 

aeo0.9 - i29B0.0 - 

iee0.e - 1980.8 - 

8.0 0.8 ) 1 I I 1 
198 340 490 640 790 198 348 490 648 799 

TIRE IN IIILLISECONDS 
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-- --- _- 

HBUX LRP BELT STUDY TEST: 2087 

ORTR 10 
e------ 

TIHE OF EVENT 

2.SV EXT PWR 
1OV EXT PWR 

SHD PLO PRIOR EVENT 
LF LAP PLO PR IOA EVENT 
Rf LRP PLO PR SOR EVENT 

SLED X RCCEL 
SLED X RCCEL 
SLED Y RCCEL 
SLED 2 RCCEL 

ISHI 

SLED VEL IINT 
SLED VELBCITY 
VEL AT EVENT 
3tlClULOCA LORO 

RCCEL) 

SHbULOER LORD 

x 

Y 

SHOULDER LBRO Z 
SHOULDER RESULTRNT 

LF LRP LORD X 
LF LRP LORD Y 
Lf LRP LaRo 2 
LF LAP RESULTRNT 
RT LAP LORD X 

RT LAP LORD Y 
RT LRP LORD t 
AT LAP RESULTRNT 

SUBJ: 95X 

WAX 
em- 

NT: 204.0 NOM GI UO.0 CELLz X 

HIM 
e-m 

-UO.36 

-%O 
-2330 

-105.23 

I;;:-$: 
4s: 87 

-7.08 

-7.6U 
1.57 

3158.96 1372.12 -‘t% 

ZKs’ 
-looe:ol 

2557: US -12.22 5.21 

1350.26 -U.67 

SZKU” . i;% . 

Tl 
-- 

160.00 

‘2x8 . 

301.00 

32u. 00 

%Z: !oO 

3ou. 00 
3ou. 00 

%v ii 
3ou: 00 

% fit 
305: 00 

T2 CH 
-- -- 

37 

5.00 
lU.00 ii 

E*oOX 
160: 00 

%18 
582: 00 
uo1.00 

980.00 

XE8 
uu2: 00 

29 

23 

22 

21 

15 

tt 

18 
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HBUX L6P BELT STUDY TEST NO: 2087 SUBJ ID: OS8 

19.8 - SLED X (G) 

10.0 - SLED Y (C) t0.B I SLED Z (G) 

5.8 - 5.8 - 

0.8 

-5.8 - -5.0 - 

-18.8 I I I I I -16.8 I 1 ‘ 1 -1 
168 318 468 610 766 168 318 460 619 760 

TIIIE IN MILLISECONDS 

HBUX L(rP BELT STUDY TEST NO: 2887 SUBJ IDI 958 

20.8 - SLED INT UEL (F/S) 

0.0 -- - - - - - - - - - - _ - - - - - - _ - - _ _ _ 

-20.0 - 

-48.0 - 

-68.8 - 

-88.8 - 

-180.8 - 

20.0 7 SLED VELOCITY (F/S) 

8.8 

-28.0 - 

-40.0 - 

-68.8 - 

-88.8 - 

-1Wd.B I 
168 318 468 618 768 

TIME IN RILLISECONDS 
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HBUX LCIP BELT STUDY TEST NO1 2987 SUBJ ID8 OS% 

5eee.e 7 LF LCIP x (LB) 58eO.e - LF LAP 2 (LB) 

4000.0 - 4080.8 - 

3888.8 - 3eee.e - 

2eee.e - 2eee.e - 

iee0.e - lee0.e - 

0.8 / 1 1 1 

5000.8 - LF Lc)P Y (LB) 5800.0 1 LF LAP RES (LB) 

4000.8 - 4000.0 - 

3080.8 - 3000.0 - 

2008.0 - 2000.0 - 

x000.8 - 1eee.e - 

0.0 0.0 I 8 , 1 1 
160 310 460 610 760 160 310 460 618 760 

TIRE XN MILLISECONDS 

HBUX LclP BELT STUDV TEST NO: 2087 SUBJ ID: 95% 

50@0.e- RT L&P X (LB) seee.e- RT LCIP 2 (LB) 

4000.0 - 4000.0 - 

3000.0 - 3000.0 - 

20ee.e - 2eee.e - 

1000.0 - leee.0 - 

0.0 , 1 I I 8.0 , I I I 1 

s@@@.@ - Rt LclP Y (LB) 5808.0 - Rt LclP RES (LB) 

4000.0 - 4000.0 - 

3008.0 - 3800.0 - 

2eee.e - 

1000.0 - 

160 316 468 610 760 168 310 460 610 760 
TIRE IN HZLLISECONDS 
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HBUX LAP BELT STUDY tESt NO; 2087 SUBJ ID: 95% 

5006.0 - SHOULDER X (LB) 5000.9 -I SHOULDER 2 (LB) 

4080.0 - 4000.6 - 

3000.0 - 3009.0 - 

2000.0 - 2eee.e - 

1eee.e - m30.0 - 

a.8 J I 1 ‘ 0.0 I I 1 t I 

soe0.0 

4800.8 

3000.0 

2eee.e 

ie80.0 

0.0 

5800.0 

4000.8 

3080.8 

2800.0 

1000.8 

0.0 

SHOULDER RES (LB) 

160 310 460 610 760 160 310 460 618 760 

TIRE XN HILLISECONDS 
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HWX LRP BELT STUOY TESTI 2088 SUBJ: 95X 

DATA ID RRX 
------- se- 

TIME OF EVENT 

2.5V EXT PWA 
1OV EXT PNA 

SHO PLO PRIOR EVENT 
LF LAP PLO PRIOR EVENT 
Rf LAP PLO PRIOR EVENT 

SLED X RCCEL 
SLEO X RCCEL [Sk) 
SLED Y RCCEL 
SLED Z RCCEL 

SLED VEL (INT 
SLED VELOCITY 
VEL AT EVENT 
SHOULOER LORO 

SHOULDER LORO 

RCCEL) 

X 

Y 

7 SHOULOER LORO 
3HOULOER RESlJLbtNT 

LF LRP LORO X 
LF LAP LORD Y 
LF LAP LOAD 2 
LF LAP RESULTANT 
RT LAP LORO X 

RT LRP LORD Y 
RT LRP LORO L 
RT LRP RESULTRNT 

u11e.30 

300.80 

15u7.07 
u212.9u 

1093.99 

fE* EX . 

WT: 204.0 NON Gx YO.0 CELL; X 

HIN 
--- 

-uo. 62 

-Y f: 
-4: 30 

-77.18 

-12.51 
1.72 

-2u. 79 
-29.60 

-25:-:!i 
-23: 93 

-129.00 

-7:- t: . 

Tl 
-- 

207.00 

177.00 
suo. 00 

E%i 
100:00 

usu. 00 

%% 
u7s: 00 

238.00 
273.00 

373.00 

365.00 

YE k% . 

:2:- 00x 
351:oo 

72 
-- 

xx . 

$X8- xx 
200: 00 

u31.00 

iE*XX . 

sou. 00 

SE% 
uue:oo 
535.00 

u99.00 

~~:* 81 . 

CH 
-- 

37 

ii 

29 

23 

22 

21 

ii 

18 

:x 
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HBUX LAP BELT STUDY TEST Not 2@88 SUIJ ID* 9SI 

18.8 le.8 - SLED X (Cl SLED X (Cl 

9.8 - -- 

10.8 - SLED I CC) le.0 - SLLD 2 (Cl 

5.8 - 5.0 - 

0.0 -- 

-5.9 - -5.8 - 

-10.0 -- I I 1 I -10.9 I I I 1 I 
208 358 566 658 888 eee 358 see 658 888 

TIflE IN IlItLISECONDS 

WBUX L(rP BELT STUDY TEST NOt 2.88 SlJBJ IDt 95% 

28.0 - SLED INT UEL (F/S) 

8.8 -' 
-20.8 - 

-48.8 - 

-68.8 - 

-88.8 - 
-188.9 1 

20.8 - SLED VELOCITY (F/S) 
0.8 -' 

-2e.e - 

-40.0 - 

-68.8 - 
-89.8 - 

-108.8 
see 350 500 658 899 

TIRE IN RILLISECONDS 
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HBUX LOP BELT STUDV TEST Not aD88 SUBJ IDI @St 

5080.0 - LF LAP X (LB) LF LAP 2 (LB) 

4808.0 - 

3000.0 - 

2eee.e - 

l000.0 - 

0.8 t A I ““““““““““““““““““““1 

5888.0 

4000.0 

3060.0 

2098.0 

ieee.0 

8.0 

LF LCIP Y (LB) 5088.0 

4800.0 

3000.0 

2090 .e 

i 

LF LAP RES (LB) 

L 
see 350 500 650 800 268 358 590 658 888 

TIRE IN WLLISECONDS 

HBUX LhP BELT STUDY TEST NO: 2088 WBJ XDr OS% 

5980.9 - Rt LclP X (LB) 5080.0 - RT LhP 2 (LB) 

4800.0 - 4000.0 - 

3088.0 - 3000.8 - 

2000.0 - 2eee.e - 

ieee.0 - 1000:0 - 

8.8 0.0 / I 1 1 

5008.0 - RT LCIP Y (LB) 5000.0 - Rt LAP RES (LB) 

4880.8 - 4088.8 - 

3008.0 - 3000.0 - 

2008.0 - 2000.0 - 

ieee.0 - 

9.6 I 1 1 I 1 
see 358 see 658 899 208 350 see 650 BB8 

TIME IN MILLISECONDS 
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WBUX LCIP BELT STUDV TEST NO: 2688 SUBJ IDa OS8 

5998.0 - SHOULDER X (LB) 5088.9 - SHOULDER Z (LB) 

4988.0 - 4888.0 - 

3080.9 - 3800.8 - 

2008.8 - 2680.9 - 

1eee.e - 10ee.e - 

0.8 I J fin, i 1 8.8 

5998.8 - SHOULDER Y (LB) 5980.9 - SHOULDER RES (LB 1 

4060.0 - 4800.8 - 

3800.9 - 3888.8 - 

2eee.e - 2BBB.B - 

ieee.0 - 1em.a - 

8.0 A I L I I 1 9.8 1 I 7 
208 358 508 658 898 eee 350 580 659 899 

TIME IN tlILLISECONDS 
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